AL CORDRVACTION ENCINERRC 


Dimetcote absolutely unique. not paint, contains oils, resins 

any other organic materials, yet can applied spray brush. 

When Dimetcote applied steel, reaction takes place the surface which 

any produces chemical bonding well physical adhesion. almost 
impossible find the interface between Dimetcote and the steel. 


Dimetcote has many unusual characteristics. shows visible change after more 
than ten years exposure the most severe weather conditions sun, heat, fresh and 

salt water. insoluble all solvents and petroleum products. highly 

abrasion resistant, but abraded through bare steel, the coating 

will cathodically inhibit corrosion. 


Now tanks and structures can given the same protection that galvanizing 
affords, plus salt water resistance. Existing structures need not dismantled and 
new structures can coated either before after erection. Only one 
Dimetcote over sandblasted surface required protect such structures as: 


Tank Exteriors Cargo Tanks Tankers Dam Gates Structural Stvel 
Christmas Trees Buoys Floating Roof Tanks Offshore 
Water Tanks Barges Ship Decks Stacks 


Write for the Dimetcote Technical Bulletin 


Dept. GH, 


South Gate, California 


August, 
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PRODUCERS 
CHLORINE USE 
LININGS 


4 


Since Chlorine produced under highly cor- U.S. PERMOBOND PROTECTS AGAINST 
rosive conditions and because United States 
Rubber Company’s specially compounded Per- 
mobond #5471 proves superior for lining the TEMPERATURES 200°F. 
amalgam type cells plus the piping and process 
tanks, then you can sure that Permo- 
bond the right lining for chemical processes 
using this highly corrosive basic chemical. 


WET DRY CHLORINE 


SATURATED CHLORINE SALT BRINE 
REGARDLESS CONCENTRATION 


“U.S.” has field force special sales en- 
gineers solve your corrosion problems. Get 
touch with them the address below. 


Any original equipment requiring protection 
against corrosive attack can lined with 
Permobond. You can also have Permobond 
installed existing equipment—right your FROM EVERY STANDPOINT, PERMOBOND #5471 
own plant. THE SUPERIOR LINING. 


Research perfects it...“U. S.” Production builds it...U. Industry depends it. 


UNITED STATES RUBBER COMPANY 
MECHANICAL GOODS DIVISION ROCKEFELLER CENTER, NEW YORK 20, 


Beltin 


Moldea 4 Expansion Joints Rubber-to-metal Products Oil Field Specialties Plastic Pipe and Fittings Grinding Wheels Packings « Tapes 
| and 


Rubber and Plastic Products Protective Linings and Coatings Conductive Rubber Adhesives Roll Coverings Mats and Matting 
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CONVENTIONAL 
ANODE 


GALVOMAG CURRENT 


ANODE CURRENT 
AMPS 


OUTPUT 


SOIL RESISTIVITY OHM-CMS 


anodes’ high 
potential gives you prac- 
tical protection 
higher soil resistivities 
where conventional cast 
anodes find the going 
tough. 


When conditions are tough, 


GALVOMAG protection best! 


anodes offer 25% greater current output than conven- 
tional anodes—an important added margin that paying off with 
dependable protection higher resistivity soils. 


average soils this high potential means four GALVOMAG anodes 
the work five conventional anodes—cutting installation costs 
time and labor. 


Get the facts and figures how you can reduce both your original 
investment and installation cost with anodes. Call your 
Dow anode distributor today. THE DOW CHEMICAL Midland, 


Michigan. *Trademark of The Dow Chemical Company 
DISTRIBUTORS: CATHODIC PROTECTION SERVICE, Houston, Texas CORROSION SERVICES, INC., Tulsa, Okla. 


ELECTRO-RUSTPROOFING CORP. (Service Division), Belleville, ROYSTON LABORATORIES, INC., Blawnox, 
Penna. STUART STEEL PROTECTION CORP., Kenilworth, New Jersey THE VANODE CO., Pasadena, California 


Dow’s new 
high potential anode 
extends dependable 
cathodic protection 

higher 


resistivity soils 


you can depend DOW MAGNESIUM ANODES 
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devoted entirely corrosion 
research and control 


Published Monthly as its official journal, by the National 
Association of Corrosion Engineers, Inc., at Houston, Texas, 
U. S. A., as a permanent record of progress in corrosion control. 
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Inc., P. O. Box 1184, Hous- 
ton, Texas 

Joy T. Payton, Secretary- 


Treasurer; The Texas Co., P. 
0. Box 2332, Houston, Texas. 


L. G. Sharpe, Trustee; Napko 
Paint & Varnish Works, 2202 
Munger Street, Houston 23, 
Texas, 


New Orleans-Baton 
Rouge Section 


J. R. Matherne, Chairman; 
Southern Bell Telephone & 
Telegraph Co., Communica- 
tion Building, 1215 Prytania 
St., New Orleans, Louisiana. 


Lee N. Spinks, Vice-Chair- 
man; Cathodic Protection 


Service, 1639 Robert St., New 
Orleans, Louisiana. 

R. M. Robinson, Secretary- 
Treasurer; Continental Oil 
Company, Box 6158, New Or- 
leans, Louisiana, 

c. L. Barr, Trustee, Shell Oil 
Co., Box 271, Donaldsonville, 
Louisiana. 


North Texas Section 

Paul Fleming, Chairman; Gulf 
Oil Corp., P. O. Drawer 1290, 
Fort Worth, Texas 

E, H. Muehlhause, Vice-Chair- 
man; Lone Star Gas Co., 1915 
Wood St., Dallas, Texas 

Kenneth W. Robbins, Secretary- 
Treasurer; Otis Pressure Con- 
trols, Inc., Box 7206, Dallas, 
Texas 

J. Gordon Meek, Trustee; Metal 
Goods Corp., Box 7086, Dal- 
las 9, Texas. 


Permian Basin Section 
John C. Watts, Jr., Chairman; 
Internal Pipeline Mainte- 


nance Company, P. O. Box 
186, Odessa, Texas 

John V. Gannon, First Vice 
Chairman; The Texas Com- 
pany, Production Depart- 
ment, P. O. Box 1270, Mid- 
land, Texas 

c. Cc. Michel, Second Vice 
Chairman; Cardinal Chem- 
ical, Inc., P. O. Box 2049, 
Odessa, Texas 


Harold S. Winston, Secretary- 
Treasurer; 2725 N. Colonial 
Drive, Odessa, Texas 

T. M. Newell, Trustee; 1420 
East 35th Street, Odessa, 
Texas 


Rocky Mountain Section 

John F. Fugazzi, Chairman; 
Public Service Co. of Colo- 
rado, P.O. Box 840, Denver 1, 
Colorado 

William L. Scull, Vice-Chair- 
man; Colorado Interstate Gas 
Company, P. O. Box 1087, 
Colorado Springs, Colorado, 

John R. Hopkins, Secretary- 
Treasurer; Protecto Wrap 
Company, 2249 So. Delaware 
St., Denver, Colorado 

Henry K. Becker, Trustee; 
Wyco Pipe Line Co., Box 
2388, Denver, Colorado 


Sabine-Neches Section 

Mack Abraham, Chairman; 
Butadiene Plant, Cities Serv- 
ice Refining Corporation, 
Lake Charles, Louisiana. 

Jesse J. Baker, Vice-Chair- 
man; Magnolia Petroleum 
Company, 2950 Lucal Drive, 
Beaumont, Texas 

A. V. Wafer, Secretary-Treas- 
urer; Ohmstede Machine 
Works, Box 128B, Beaumont, , 
Texas 


Charles C. Huddleston, Trus- 
tee; Socony Paint Products 
Company, Box 2848, Beau- 


mont, Texas 


Shreveport Section 

R. C. Jordan, Chairman; United 
Gas Pipe Line Co., Box 1407, 
Shreveport 92, La. 

G. V. Jones, Vice-Chairman; 
Arkansas Louisiana Gas Co., 
Box 1734, Shreveport 4, La. 

M. A. Luby, Secretary; Tretolite 
Company, Box 4094, Shreve- 
port, La. 

J. D. Bland, Treasurer; Tri- 
angle Pipe Line Company, 
Box 1795, Shreveport, La. 

W. F. Levert, Trustee; United 
Gas Pipe Line Co., P. O. Box 
1407, Shreveport 92, La. 


(Continued on Page 6) 
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TNEMEC PRIMER 
KILLS RUST 
AMARILLO, TEXAS, 
TANK FARM! 


é 


CASE HISTORY NO. 462. Victim: Stor- 
age tanks the Shamrock Oil Gas 
Corporation Amarillo, Texas. Criminal: 
Rust. Course Action: Tnemec primer 
used protect and struc- 
tural steel. Case Closed: Criminal rust 
apprehended and killed TNEMEC. 


Learn How TNEMEC Primers 
Will Kill Rust Your Plant: 


request your business letterhead will bring 
you this useful “Tnemec Specification Booklet.” 
Write today and learn how Tnemec will save money 
for you killing and preventing your plant. 
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(Continued From Page 5) 
Teche Section 


R. S. Morcom, Chairman; Na- 
tional Aluminate Corp. of 
Chicago, 108 W. Lawrence, 
New Iberia, La. 

W. A. Fox, Vice-Chairman; 
Tuboscope, Box 142, New 
Iberia, La. 

Ray Tuggle, Secretary-Treas- 
urer; 124 Evangeline Dr., La- 
fayette, La. 


Gus Vogler, Trustee; Pipe Line 
Coating & Eng. Co., Box 264, 
Lafayette, La. 


Tulsa Section 


Richard E. Lembcke, Chair- 
man, Cities Service Research 
and Development Co., 920 E. 
Third Street, Tulsa, Okla- 
homa, 

Fred M. Cloninger, Vice-Chair- 
man, Texas Pipe Line Co., 
Box 2420, Tulsa, Oklahoma. 

Walter E. Schott, Jr., Secre- 
ary, Pipe Line Anode Corp., 
Box 996, Tulsa, Oklahoma. 

E. W. Lawler, Treasurer, Pitts- 
burgh Coke and Chemical 

Co., 322 Tri-State Building, 
Tulsa, Oklahoma, 

T. D. Williamson, Jr., Trustee, 
T. D. Williamson, Inc., Box 
4038, Tulsa, Oklahoma, 


WESTERN REGION 


Robert H. Kerr, Director; 
Southern California Gas Co., 
Box 3249 Terminal Annex, 
Los Angeles, California. 

R. S. Treseder, Chairman; Shell 
Developement Co., 4560 Hor- 
ton Street, Emeryville, Cali- 
fornia. 


graphic Method 


Hussein 
*Principles Applicable 


Smeltzer 


Plant Painting Program 


vention 


Denison 


Look Forward Seeing 
These Outstanding Technical Papers 
Early Issues Corrosion: 


*The Porosity the Aluminum Surface 
Investigated the Repetitive Oscillo- 


Corrosion Metals and Alloys 
Organization and Administration 


Geometric Factors Electrical Measure- 
ments Relating Corrosion and Its Pre- 


Published for the first time CORROSION. 


About More Technical Papers Will 
Published CORROSION This 


Advertisers corrosion control materials, 
methods processes can capitalize the 
interest created this unique editorial mate- 
rial low cost. Write today for more infor- 


Houston Texas. 


The Annual Reference Index Issue December 


Regional and Sectional Officers 


R. E. Hall, Vice-Chairman; 
Union Oil Co., Research Cen- 
ter, Brea, California. 

Theodore J. Smith, Secretary- 

Treasurer; Electric Steel 

Foundry Company, 1280 65th 

Street, Emeryville, California 


Central Arizona Section 


David F. Moser, Chairman; El 
Paso Natural Gas Company, 
P. O. Box 1630, Phoenix, 
Arizona. 

Russell Jackson, Vice-Chair- 
man, Rust-Proofing, Inc., P. 
O. Box 1671, Phoenix, Ariz. 

Roy P. Osborn, Secretary- 
Treasurer; Mountain State 
Tel. & Tel. Company, Box 
2320, Phoenix, Arizona. 


Los Angeles Section 


Edward H. Tandy, Chairman; 
Standard Oil Company of 


California, Box 97, El Se- 
gundo, California. 
John R. Brown, Vice-Chair- 


man; 3525 West 74th Place, 
Inglewood, California. 

Howard N. Farmer, Sécretary- 
Treasurer; The International 
Nickel Company, 714 West 
Olympic Boulevard, Los An- 
geles, California. 


Portland Section 


P. G. Behr, Chairman; Portland 
Gas & Coke Co., Public Serv- 
ice Bldg., Portland, Oregon. 

Norman H. Burnett, Vice-Chair- 
man; 1326 N.E. Tlst Ave., 
Portland 13, Oregon. 

W. R. Barber, Jr., Secretary- 
Treasurer; Electric Steel 
Foundry Co., 2141 N.W. 25th 
Ave., Portland 10, Oregon. 


Oxidation and 
Systems 


Hatch 
*Corrosion Materials Subjected Loco- 
motive Smoke and Funnel Blast 

Theory and Research Methods Metal- 


Chandler 
lic Corrosion 


*Basic Essentials for the Reduction 
Atmospheric Corrosion 

Frank Radecke 
*Corrosion Control Offshore Drilling 
and Producing Equipment 

Charles Fritts 
*Control Couples Developed Water 


Akimov 

*Atmospheric Galvanic Coup!e Corrosion 
Bradley 


Salt Lake Section 


John T. Burton, Chairman: 
Utah Oil Refining 
Box 898, Salt Lake City 19, 
Utah, 

Bartel J. Disanto, Vice-Chair. 
man; American Smelting @ 
Refining Co., 514 Pacific 
Natl, Life Building, gat 
Lake City, Utah. 

John P. Reeves, Secretary. 
Treasurer, Dynamic Engi- 


neering, Inc., 781 Emerson 
Avenue, Salt Lake City 5, 
Utah, 


San Diego Section 


Dallas G. Raasch, Chairman; 
La Mesa, Lemon Grove, 
Spring Valley, Irrigation 
Dist., Box 518, L 
California. 

F. O. Waters, Vice-Chairman; 
San Diego City Dept, 
Div. of Engineerins. Room 
903, Civic Center B! San 
Diego 1, California 

Norman Beenfeldt, Svcretary- 
Treasurer; Californi: Water 
& Telephone Co., ‘3 West 
9th St., National Cali- 
fornia, 


Mesa, 


San Francisco Bay Area 
Section 


Harold H. Scott, Chsirman, 
Shell Oil Company, Martinez 
Refinery, Martinez, Cal, 


George J. Puckett, Vice-Chair- 
man, Dow Chemic:i Com- 
pany, P. 0. 
Pittsburgh, Cal. 

William P. Simmons, Secre- 
tary-Treasurer, Alloy Steel 
Products Company, Ine, %4 
California Street, San Fran- 
cisco, Cal. 
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The words “good for have 
meaning far the City Port- 
land’s new 56-66-inch Bull Run water 
concerned. With Barrett Pro- 
Coatings applied inside and out 
along the entire length, this 
line will resist all the elements and last 
prevent all tuberculation and in- 
interior pipe surfaces, 
Barrett waterworks primer and Barrett 
Waterworks enamel line the inside the 
Pipe. external pipe surfaces 
effectively from corrosion, Barrett 
Primer and enamel, plus Barrett tarred 
asbestos felt, coated the outer surface 
pipe. Inside and out, from end 
Barrett protective coatings did the 


assure superior protection, 


members Barrett’s technical service 
corps recommended the protective coat- 
ing best suited Portland’s specific 
needs, and helped supervise. its applica- 
tion the pipeline site. These services 
are available all users Barrett pro- 
tective coatings. 


Specify Barrett get high-quality 
waterworks enamel that meets all 
A.W.W.A. standards, plus expertly 
supervised application. 

BARRETT DIVISION, Allied Dye 
Corp., Rector St., New York 
Canada: The Barrett Company, Ltd., 

5551 St. Hubert St., Montreal. 


EERS 


HERE ARE TEN DEFINITE ADVANTAGES 

BARRETT WATERWORKS ENAMEL: 

Rigid quality control 

Prevents tuberculation and incrusta- 
tion interior pipe surfaces 

Effectively protects external pipe sur- 
faces from corrosion 

High dielectric properties 

Impermeable moisture, 
sorptive, non-porous 

High ductility and flexibility, high 
resistance soil stresses 

Unusual tenacity 

Effective under all kinds 
conditions and topography 

Prompt service 

Wide availability 


non-ab- 


BARRETT PROTECTIVE COATINGS 


OVER 100 YEARS EXPERIENCE 


ine 


against product contamination 
and discoloration 


q 


made the Bart Process 
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Claymont Steel Products 


Products Wickwire Spencer Steel Division The Colorado Fuel and Iron Corporation 


August, 1955 


Now you can give your products protection against 
contamination and discoloration during processing, 
storage and transportation and surprisingly 
low cost! It’s possible through the use CF&I 
Nickel Plated Steel, electroplated 
the patented Bart Process. 


For over ten years, the Atomic Energy Commission 
and leading chemical processing firms have used 
pipe and fittings nickel-electroplated the Bart 
Manufacturing Corporation process. Now, com- 
bining Bart’s experience this field with 
wide range research facilities, this process has 
been extended produce CF&I 
plate and sheet well pipe and fittings. 


These steel products have all the strength regular 
carbon steel; addition, they’re coated with 


Wilmington, Delaware 
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uniform, heavy layer metallic nickel that’s over 
99% pure. This gives much better protection 
against product contamination and discoloration 
than bare carbon steel steel protected with 
various coatings. 


What’s more, CF&I Nickel Plated 
Steel can shaped and fabricated all the 
usual methods without damage its nickel coat- 
nickel layer will not check, spall flake! 


Perhaps you can use CF&I Nickel 
Plated Steel excellent advantage your product 
handling, transportation and storage operations. 
For full details, contact the nearest district sales 
office listed below. 


2942 


CANADIAN REPRESENTATIVES AT: Edmonton Toronto Vancouver Winnipeg 


OTHER CLAYMONT PRODUCTS 


and Alloy Steel Flanged and Dished Heads Manhole Fittings and Covers Large Diameter Welded Steel Pipe Flame Cut Steel Plate Shapes 


4 
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new corrosion-blocking material 
Coating Systems 


Sprayable plastisol 
gives extra thick film 
one coat 


Unichrome Coating 5300 makes the 
spraying plastisols practical 
and easy matter. It’s the first plastisol 
that can successfully used even 
cold vertical metal surface, that 
surface can uniformly baked after- 
wards. longer need these thick 
resinous materials restricted 
metal equipment dippable size. 

Coating 5300 builds protective film 
mils thick one coat, thicker 
multiple coats. Multiple coats can 
often many the jobs for which 
sheet materials are used, such tank 
lining. Coating 5300 assures protection 
free from pores seams, and with the 
inertness vinyls broad range 
chemicals and corrosives. 

Bulletin VP-1 gives more informa- 
tion send for it. 


Internal protection 
for steel drums 


The requirements for lining material 
for steel drums are clear cut. The lin- 
ing has prevent corrosion, prevent 
contamination, withstand constant con- 
tact with the product being packaged 
and have the right physical properties 
for this rough and tumble service. 

applying its knowledge pro- 
tective coatings, United Chromium 
has developed many types linings 
meet the needs tremendous va- 
riety processed products. Unichrome 
vinyl, phenolic, plastisol and epoxy 
formulations can handle most jobs 
economically and reliably. 


UNITED CHROMINUM DIVISION 


METAL THERMIT CORPORATION 


100 East 42nd Street, New York 17, 


Waterbury 20,Conn. 20, Mich. 
Chicago Los Angeles 13, Calif. 
in Canada: 


Chromium Limited, Toronto Ont. 


join 


ww 


Ucilon Coating 1901, 1951 and 458 add advantages neoprene base materials 
and vinyl-Thiokol compound available Ucilon Coatings—some which are shown 


Virtually all successful chemical resistant coatings 
now represented the widest available 


Neoprene coating systems and 
special modified vinyl system have 
joined with the other Ucilon* 
Coating Systems that stop hun- 
dreds severe corrosives. 
Nineteen specialized Ucilon pro- 
tective coating systems now avail- 
able give engineers formidable 
arsenal with which combat cor- 
rosion. The wide array permits 
choice system best suited the 
corrosive, the service condi- 
tions, the type equipment 
structure protected. 


HEAVY FILMS WITH FEW COATS 


Ucilon Coating 1901 the air-dry- 
ing neoprene material designed for 
general maintenance against cor- 
rosive fumes. gives mil film 
coats. Ucilon Coating 1951, 
the same neoprene group, offers 
catalyzed topcoat for protection 
against corrosive 


COMBINATION CHEMICAL RESISTANCES 


system based newly formu- 
lated Ucilon 458 combines the 
vantages both and 
materials. The coating has broad- 
ened range applicability, giving 
thick film that resists strong 
derivatives. 


FOR THE TOUGH MAINTENANCE PROBLEMS 


the large group Ucilon 
tective Coating Systems, engineers 
can now get the protection 
quired from choice practically 
every successful corrosion control- 
ling coating including 
neoprenes, 
ated rubber, phenolic and (ish 
type coatings. There are proved, 
economical coatings for acids, 
kalies, other strong 
solutions, oils, wetting agents 
more. Bulletin MC-9 gives 
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Valve HASTELLOY alloy 
above, and others the same 
nickel-base alloy installed Shell 
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Oil Company’s refinery Wood 
River, assure adequate 
resistance strong corrosives. 


Where steel valves fail day... 
alloy lasts indefinitely 


HANDLING SULPHURIC ACID (pH 2—5) one side 
and live steam the other, the valve the center, 
above, lasts indefinitely ... 


Why? Because it’s made HASTELLOY alloy 
one series nickel-base alloys produced and 
sold under the trade-mark “HASTELLOY”, 
Haynes Stellite Company, Division Union 
Carbide and Carbon Corporation, Kokomo, Indiana. 


The valve illustrated serves the neutralizer unit 
large refinery. carbon steel valve previously 
Installed lasted only one day, which indicates the 
severity the service. 


This refinery also uses valves HASTELLOY 
alloy reboiler that recovers antimony tri- 
chloride and aluminum chloride. And, pumps 


THE INTERNATIONAL NICKEL COMPANY, 


many 


HASTELLOY alloy recycle the corrosive catalyst. 
the bottom light oil treater this refinery, 
find valve alloy handling sulphuric 
acid at.varying strengths and temperatures 
120°F. 

Despite corrosive chemicals and live steam, these 
valves nickel-base alloys, most instances, last 
indefinitely without leakage. 


Give your tough jobs toa HASTELLOY alloy 
some other high-nickel alloy that you know will 
resist strong corrosives. 


Whatever your metal difficulty, let give you 
the benefit our wide practical experience this 
field. Write for List available publications. 
includes simple form that makes easy for you 
outline your problem. 


Wall Street 
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TAKES ALL THREE GIVE PROTECTION 
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THICKNESS 


film mils thick that per- 
meable, filled with “holidays,” offers little 
more protection than film single mil. 
Thickness must combined with density 
adhesion with both. 


Tygon “ATD” Hot Spray Paint, used with 
Tygorust Primer, offers proven adhesion, 
proven density, and film thickness 


virtually your own choosing—up 
mils with single long, slow pass the 
spray gun. 

Here’s real protection. And real economy, 
too. For the Tygon “ATD” Hot Spray Viny! 
coating system can save you 20%-30% 
painting costs over conventional cold spray 
methods. 


LEARN MORE ABOUT TYGON HOT SPRAY PAINT, TODAY! 
Write for bulletin. Address Plastics Synthetics Division, The Stoneware Co., Akron 
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continuous-line 


MORE AND MORE lines come into production, 
becomes increasingly evident that the compositions 
the various zincs required for continuous galvan- 
izing are more exacting than those established 
A.S.T.M. specifications. fact, the grades are 
almost numerous the lines operation, since 
each company’s metallurgists feel that the compo- 
sition the metal they specify best suited for 
their particular product. Depending operating 
variables, line might require controlled lead 
content with low cadmium either with without 
the addition aluminum the smelter. Another 
line might specify different lead content and 
fixed amount aluminum with rigid limits 
other ingredients. 

St. Joe’s patented electrothermic smelting 
process, coupled with highly flexible roasting, 


CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


ST. JOE electrothermic ZINC... 


galvanizing 


Zinc slabs being fed conveyor into the 
melting pot continuous galvanizing line. 


sintering and blending operation, permits degree 
control the metal’s composition which cannot 
readily achieved any other method. 
result, the St. Joseph Lead Company the 
unique position being able supply zinc 
virtually any specification which operators con- 
tinuous galvanizing lines consider most desirable 
for their individual requirements. 


ST. JOSEPH LEAD COMPANY 
250 PARK AVENUE, NEW YORK 17, 
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“WE PREFER 


There are many reasons why NO-OX-ID has wide- 
spread preference among pipeline contractors, coat- 
ing crews, independent applicators and utilities. 


NO-OX-ID saves material, because less 
material coats more pipe per mile per day. Fewer 
“dope” kettles, trucks and are needed. 


the mill. 


irritating noxious fumes with NO-OX-ID. 


DEARBORN CHEMICAL COMPANY 


Merchandise Mart Plaza Chicago 54, Illinois 


MAIL THE COUPON for booklet "Protecting Underground Pipe from 
Corrosion.” contains detailed information NO-OX-ID and 
Casing Filler. 


pays specify 


For long-term pipeline protection 


Dearborn NO-OX-ID Casing Filler 


NO-OX-ID Casing Filler protects against corrosion 
wherever pipelines are cased beneath highways and rail- 
road crossings. Casing Filler (1) contains additives, 
inhibitors, wetting agents; (2) displaces water 
its own weight; (3) applied 150° (4) elec- 
trical insulator; (5) economical apply. 


Dearborn Chemical Company 


Merchandise Mart Plaza, Dept. C, Chicago 54, Ill. 


0 Please send me booklet “Protecting Underground Pipe from Corfo- 


sion.” Bulletin 3079 NO-OX-ID Casing Filler. 
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Another new development using 


HAT you when win- 

dows are attacked from two 
sides? corrosive fumes and hot air 
inside, and outside the weather. 
chemical plant Texas had 
the problem and found the answer. 
went new translucent panels made 
Geon rigid vinyl—out went 
the old windows and costly main- 
tenance problem! 


Installing the green-tinted corru- 
gated panels was were 
simply nailed place. Because they 
made from Geon, they resist 
cold, rain, acids, alkalis, 
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Goodrich Chemical Company does not make these panels. supply only the raw materials, 


oil and grease. They are decorative 
well functional. 

Products made from Geon rigid 
vinyl include corrosion-proof pipe, 
fume ducts, tanks, trays, materials 
that can machined, planed, sawed, 
drilled, and cemented. find 
other Geon polyvinyl materials 
flexible, colorful upholstery, high- 
dielectric insulation, wear-resistant 
flooring, hundreds other suc- 
cessful products. 


Geon’s remarkable physical and 


chemical properties may give your 
products decisive competitive edge. 


For technical information, please 
write Dept. BE-3, Goodrich 
Chemical Company, Rose Building, 
Cleveland 15, Ohio. Cable address: 
Goodchemco. Canada: Kitch- 
ener, Ontario. 


GEON RESINS GOOD-RITE PLASTICIZERS ideal team make products easier, better and more saleable. 


GEON polyvinyl materials HYCAR American rubber and latex GOOD-RITE chemicals and plasticizers HARMON colors 
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non-profit, scientific and research association individuals 
and companies concerned with corrosion interested it, whose 
objects are: 


(a) promote the prevention corrosion, thereby curtailing economic 
waste and conserving natural resources. 


(b) provide forums and media through which experiences with corrosion 
and its prevention may reported, discussed and published for the 
common good. 


(c) encourage special study and research determine the fundamental 
causes corrosion, and develop new improved techniques for its 
prevention. 


(d) correlate study and research corrosion problems among technical 
associations reduce duplication and increase efficiency. 


(e) promote standardization terminology, techniques, equipment and 
design corrosion control, 


contribute industrial and public safety promoting the preven- 
tion corrosion cause accidents. 


(g) foster cooperation between individual operators metallic plant 
and structures the joint solution common corrosion problems. 


(h) invite wide diversity membership, thereby insuring reciprocal 
benefits between industries and governmental groups well between 
individuals and 


incorporated association without capital stock, chartered under 
the laws Texas. Its affairs are governed Board Directors, elected 
the general membership. Officers and elected directors are nominated 
nominating committee accordance with the articles organization. 
Election the membership. 

Inquiries regarding membership, and all general correspondence should 
directed the Executive Secretary the administrative headquarters 
the National Association Corrosion Engineers 1061 Building, 
No. Main Street, Houston Texas. 


Officers, 1955-56 


St. Louis, Mo. 


Building, Houston Texas 


Directors 


President 


Monsanto Chemical Co., St. Louis, Missouri 


Vice-President 


Tar Products Div., Koppers Co., Inc., Pittsburgh, Pa, 


Treasurer 


Humble Pipe Line Company, Houston, Texas 


Past President 


Shell Development Co. Emeryville, California 


Representing Active Membership 


Sun Pipe Line Co., Beaumont, Texas 

The International Nickel Co., Inc., New York, 


Midwestern Engine Equipment Co., Inc. 
Tulsa, Okla. 


Interstate Oil Pipe Line Co., Shreveport, La. 


Representing Corporate Membership 


Amercoat South Gate, 

Pennsylvania Salt Mfg. Co., Philadelphia, Pa. 

American Locomotive Company, Houston, Texas 

Mountain Fuel Supply Co., Salt Lake City, Utah 


Nooter Corporation, St. Louis, Missouri 


Representing Regional Divisions 


Southern California Gas Co., Los Angeles, Cal. 


Alloy Products Co., Inc., Atlanta, Ga. 


Mutual Chemical Division, 
Allied Chemical Dye Corp., Baltimore, Md. 


WALTER CAVANAGH. (North Central) 1953-56 
Parker Rust Proof Company, Detroit, Michigan 


DERK HOLSTEYN........ (South Central) 1953-56 
Shell Oil Company, Houston, Texas 


International Nickel Co. Canada, Toronto 


Directors Officio 
VAN NOUHUYS, Chairman Regional 


Management Committee 
Southeastern Pipe Line Co., Atlanta, Ga. 
Committee 


Ebasco Services, Inc., New York, 


THOMAS MAY, Chairman Publication 
International Nickel Co., Inc.. New York. 


Committee 
Steel Corp., Monroeville. Pa. 
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No. 


Topic the Month 


Chlorine Dioxide Generation— 
“High Corrosion Problem 


TEEPLE* 


THE pulp and paper industry, number mills 

have installed chlorine dioxide bleaching systems’ 
supply the demand for high brightness, high 
strength There are number 
commercially available, all involving rather severe 
corrosion problems. These problems, briefly stated, 
consist mixtures methanol, sulfurous, sulfuric 
acid, together with chlorine dioxide, chlorine and 
other reaction products temperatures 150 


the outset, the number suitable materials 
construction limited. However, because the rather 
free interchange information within the pulp and 
paper industry and the cooperation allied indus- 
try, substantial progress has been achieved the 
economical solution the problems. 

consequence, number non-metallic and 
metallic materials have been found give econom- 
ical performance the chlorine dioxide generating 
plants, Such materials acid-proof stoneware, graph- 
have been used extensively where 
their physical mechanical properties are favorable. 
For number other applications has been found 
desirable use metallic materials such Durichlor, 
Hastelloy Chlorimet and some other proprietary 
alloys, 

corrosion survey was establish corro- 
sion rates for number metallic materials. Some 
the results are shown Table general, the 


data supported service experience that Durichlor, 


Hastelloy and Chlorimet are fairly satisfactory, 


with the austenitic stainless steels not dependable 
because high weight loss corrosion rates sus- 
tary alloys are fairly satisfactory some instances. 


‘The International Nickel Co., Inc. Ne York, N. 


ferritic stainless steels, 
are not satisfactory. 


Materials, such bronze, 
Monel, Inconel and aluminum 


Thus can seen that combination ex- 
change technical information, cooperation, and the 
judicial use nonmetallic and metallic materials has 
resulted significant alleviation “high bright- 
ness” corrosion problem. 
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TABLE 


Test A: A field test for 351 hours in the top of a chlorine dioxide re- 
action tower. The solution was a mixture of 60° Be sulfuric acid, 
sodium chlorate, methanol and chlorine dioxide at 135° F. The flow 
rate was 60 gpm. 

Test B: A field test for 351 hours in a receiver tank containing a 
solution of 5 gpl chlorine dioxide, the pH was 2 to 3.5, and the 

temperature was 36° F. 


Corrosion Rates, Inch 
Per Year 


Test A Test B 
Chemical Lead .006 | 21 
Hastelloy C.. 050 
Chlorimet 3... .020 } .014 


(a) 0.059- baths maximum pitting. 
(b) Spec. perforated 0.031-inch. 
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Organization and Activity 
the Corrosion Control Group 


JAMES McAMIS 


Mn. Panne 


NUMBER articles have been written which 

deal with corrosion control transmission 
pipe lines. This only natural since most the 
early work the field has been done men affili- 
ated with transmission companies. However, since 
work has been entirely with distribution com- 
pany, the following material may more interest 
distribution men than transmission men; but 
thought that some the suggestions will help- 
ful men both lines work. 

The article will discuss problems arising and 
the solutions obtained one large utility company 
which was founded over 106 years ago. The under- 
ground system composed over 2900 miles 
mains piping with service take-offs for approximately 
335,000 meters. The system serves the District 
Columbia and suburbs Maryland and Virginia, 


governed separate utility commission, 
Figure 1—Sketch for proposed main extension. Broken line indicates 


well seven local governments with individual 
proposed Insulating joint shown between old bare steel and coated 
plumbing, water, sewage and highway departments. 


WSSFEB2 1955 


See Attached : 


POST DIST. DEV. MAP: YES - NO 


PERMIT AREA 


OW 


Lines Under Heavily Traveled Streets 


The low-pressure piping system largely cast 
iron, portions more than years old and 
JAMES McAMIS—Staff engineer for the 


traveled streets, alongside sewer, Department Washington Gas Light 
water, telephone, electric power and streetcar under- Since joining the company 1935 
ground lines clerk has worked various engineering 
jobs including Utilization-Appliance Testing 
Other large portions the system consist bare Laboratory and Customer Appliance Service 


steel mains intermixed with cast iron and with mill Department. his present position re- 
sponsible for corrosion control practices and 


wrapped steel first used 1941, Current installations for his firm. Mr, McAmis received 
all service pipes and practically all steel mains are chemistry from Tusculum College 
made with mill wrapped steel pipe. has ben member NACE since 


Also included are one 12-inch bare, one 16-inch partly 
bare and partly wrapped, one 16-inch wrapped and 
one 22-inch wrapped steel transmission lines between 
two pipe line metering stations and three pumping Abstract 
and/or regulating stations. These lines average ap- 
proximately miles length and each feeds numer- 


Methods developed accumulate information and 
direct the corrosion control activities utility with 


ous small distribution networks through district 2900 miles piping with 335,000 meters service 
regulators. take-offs are discussed. Data are collected the 
approximately miles long installations, Available information relative corro- 
miles wide with rapid growth occurring all direc- sivity certain areas plotted central 
tions the outskirts, well the less densely Corrosion Control Group generally 
mitigation measures, with actual work under 
populated areas nearer the center. Indicative the men, who also are responsible for training 


Testing the effectiveness installations has 


growth occurring this system, the Corrosion Con- 


trol sessed approximately 1100 sketches limited lack time and personnel, but more 
involving approximately 950,000 feet new and re- recommended. 


placement mains during 1954. The number con- 
tractor crews assigned new mains extensions has 
more than doubled since last April. 


1941 (and the practice has been continued). 
responsibility for all pipeline corrosion contro! 


ties was assigned staff engineer, assisted 
assistant, both already the payroll 
basic background for the assignment. 


The company first used corrosion consultant 


* A paper presented at the Eleventh Annual Conference, National 
Association of Corrosion Engineers, Chicago, Ill., March 7-11, 1955. 


Figure 


taking 
facilities 


use 


the size 


man, 
the 


contemp 


services 
part 
the 
employe 
wit 
dition, 


each yea 
Enginee 
One 
the 
plished, 


necessar 


which 


the 
for each 
through 
prelim 
work, 


dations 
minor 


Corros 
ona 
(Figure 
the cont: 
the 
and 


a 
‘ 4 
a 
: 


950 


w 
. 


August, 1955 CORROSION 


JOB NO. See Dwg. 


CORROSION CONTROL GROUP RECOMMENDS: 


Use insulated coupling at all tie-ins between C. I. pipe and steel pipe, 
Coat couplings with primer and hot enamel. 


Bond or weld all connections, including services. Check with Corrosion 
Control Group at the start of this job, and install Magnesium Anodes as 
group directs. (See Drawing C,73-SD, E-71-SD, E-69-SD) 


Insulating Couplings with test wires, as shown 


tall 
(See Drawing C-38-SD) 


No. Size 
Install Insulating Joints on all meter installations, 


Be Use wrapped pipe only. 


ipe and connections for holidays, using an 


Te Check the coating of all 
holidays found are to be patched and retested, 


approved type Holiday Detector. 


ae Install air(s) of test wires, with 100' 0" distance between points, 
‘ as shown, (See Drawing E-72-SD). Contact Corrosion Control Group for exact 
location and tags for these wires. 


fe Cort with hot enamel or approved cold coating all bolts used at the C. I. 
pipe joints. Coat with hot enamel all Dresser couplings and steel tees and 
crosses sede 


Effective Form Dwg., E-14-SS 


Figure Control Group Recommendation form. Letter 
designation for applicable procedures circled. Other procedures 


Use Corrosion Engineer Recommended 

number utility managements are 
taking allay corrosion their underground 
This paper will not into detail regarding 
personne| requirements, since company size, growth, 
use pipe and other conditions will control 
the size the unit. Corrosion control small 
utility may require only part the time one 

man, while larger company may require many more 
same work, suggested that any company 
contemplating corrosion control set-up obtain the 
services competent corrosion engineer, either 
the man selected head the program already 

employed within the company, should engi- 
neer with chemical and/or electrical training. ad- 
dition, advisable have him attend least one 
corrosion short course, several which are available 
each year through National Association Corrosion 
Engineers co-operation with recognized colleges 
universities. 


One the first duties this group determine 
the scope corrosion control work accom- 
Since may act staff advisory, rather 
than line direct supervisory capacity, will 
necessary establish system for reviewing jobs 
which corrosion control recommendations are required. 
the writer’s organization this accomplished 
touting sketch proposed main extension (Figure 
lor each proposed extension, replacement revision 
through the group. recommendation for the control 
any line normally would result from 
preliminary field survey. However, due volume 
Pany substitute plan has been devised. Recommen- 
dations are prepared the office for each job, with 
minor adjustments possible basis field sur- 
selected jobs while construction progress. 
control recommendations are indicated 
“Corrosion Control Group Recommends” sheet 
2), which includes more than percent 
the control practices usually specified and attached 
the job sketch. Proposed insulating joint locations 
and other special instructions are marked the 
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COORDINATE - 496 


TYPE No. FS 


CORROSION CONTROL 
TYPE AIAG. ANOLE 
SIZE /7-S MAKE 


LOW 


é 


TYPE AVOOCE |NO. 77 


772 


M22 -S4 


Figure 3—Corrosion control drawing. Individual controls are numbered 
and exact location measurements given. Prints are used field 
locate items for tests. 


sketch, which returned Mains Planning and 
Drafting Section the Engineering Department for 
inclusion construction drawings. 


Coordinate Record System Used 


order establish basis for these recommenda- 
tions, coordinate record system, already use the 
engineering department was adapted for corrosion 
control work. This coordinate system consists ap- 
proximately 800 large scale maps (50 feet inch for 
District Columbia and 200 inch for other 
sections) which indicate locations, size and type 
mains within their boundaries. The maps, which are 
folded and filed size” folder, are used 
show the system exists, both protected and un- 
protected, The file was started 1950 with the mini- 
mum prints required plot protection installations 
and replacements made since 1947, when real empha- 
sis was first placed corrosion control. This elimi- 
nates posting the Corrosion Control Group un- 
protected jobs made prior the initial corrosion 
control installation any coordinate area. All post- 
ings these maps are made clerk staff mem- 
ber our group. 

will seen reference the corrosion con- 
trol recommendation sheet (Figure that items 
recommends, “Notify Corrosion Control Group 
the start this job, and install Magnesium Anodes 
group Upon notification start job 
marked, representative the corrosion control 
group visits the job and measures earth resistivity 
with meter the four point method. Anode instal- 


Ay o/ > = 

| 
q 


st 


/WASHing Ton 


lation and spacing specified where soil resistivity 
15,000 less. some instances, regard- 
less soil resistivity measurement, anodes may 
specified based special soil conditions. The location 
and value each soil resistivity measurement also 
posted the file copy the coordinate map. Thus, 
the map, (of which Figure typical) showing ap- 
proximate location insulating joints, anodes, rec- 
tifiers, test wires, pipe location and soil resistivity 
definite locations, available for future reference 
and test purposes. 

Upon completion main extensions, replacements, 
off-sets, using corrosion control installations, 
the construction field notes are marked field 
clerk. they are posted the master coordinate 
map, Corrosion Control Drawing (Figure 3), size 
inches prepared showing exact measure- 
ments and Corrosion Control Item number assigned 
the installation. Each corrosion control drawing 
shows four installations. Consecutive numbers are 
assigned each coordinate and, item added, 
revised corrosion control print prepared showing 
the new item. These prints are filed loose leaf 
book according coordinate map and item number, 
after the information posted the file copy the 
coordinate map, 


Other Data Posted Also 


Completed main replacements, leak band repairs 
and location test holes with data depth cover, 
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Figure 4—Coordinate Map (NE 186). Copy file map shows mains piping layout, age, material, type joint, control items, etc. May used 
field for overall picture entire area. Color codes normally used facilitate use locating coated pipe, replacements, etc. 
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corrosion pit depth, soil conditions and other perti- 
nent information also are posted the map. When 
detailed survey data are obtained, these original 
sheets also are placed the file folder with the coor- 
dinate map provide additional information stray 
current magnitude, protection surveys, insulating 
joint resistance and proposed replacement 
This information generally too complex for posting 
the coordinate map. 

Corrosion experience involving services is_ 
posted the map. However, separate card file 
maintained, coordinate area, listing the street 
dress each service replaced due 
Original installation date, replacement date and serv- 
ice life years for each service recorded this 
Replacement Service Record. review 
these records used guide highly 
areas and need for investigation for further leak sur 
vey and scheduled replacements. 

addition furnishing guide which new 
specifications are written, information the above files 
also reviewed considering the replacement 
Upon notification public authority that paving 
activity planned certain location, all gas piping 
within the paving limits surveyed for leakage 
the bar-test method over the mains and services. The 
same type survey may result from report 
odor the street from conditions found 
maintenance jobs. Where leakage 
Corrosion Control Group, from data the 
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Survey Sketch” and information the two files men- 
tioned above (Coordinate Map and Service Replace- 
ment Card), recommends replacement the main, 
digging test holes inspect the pipe, repair 
leakage found. When test holes are dug, the data ob- 
tained are studied with other available information. 
replacement recommended, sketch showing 
limits recommended replacement and proposed 
corrosion protection prepared. When repairs are 
recommended, the available file data usually deter- 
mine and type cathodic protection used. 


Corrosive Areas Easily Identified 


the information contained 
the Replacement Service Record 
file system-wide map provides easy means 
corrosive areas (Figure 5). This sum- 
mary been very useful, even though experi- 
ence available for some sections where corro- 
sion have not been experienced because the 
newnes- the system absence extremely 
soil, Since records cover less than five 
years, may some highly corrosive sections 
which not show the map. However, new 
gained through leakage surveys, soil 
measurements, etc., will kept up-to- 
time, with continued posting information 
the maps, these records will provide 
accurate picture conditions existing the field 
almost well preliminary field survey. 


Map Used for Recommendations 


lieu the preliminary field survey, Corrosion 
Control Kecommendations are made basis the 
information obtained from the Coordinate Map and 
other information contained the folder, the Re- 
Service Record file and line with stand- 
ard operating policies and procedures. some in- 
stances, usually short extensions when suffi- 
cient corrosion experience available the files, 
possible eliminate the field survey; but, where- 
ever any doubt exists, corrosion control representa- 
tive determines installation requirements the field 
while work progress. The omission field in- 
spection work new subdivisions and “advance 
paving” seldom advisable, even areas 
known high resistivity soil, due rapid changes 
soil resistivity possible with earth moving activities 
required establish grade. For example, one 
service insert replacement, three excavations were 
made. the main the center the street, clay 
soil with resistivity 1200 was found. 
the behind the curb, soil contained high 
percentage sand and measured over 10,000 
Approximately eight feet inside the curb there was 
very little sand and the resistivity had changed 
Such rapid changes are not uncommon 
and increase corrosion rates. 

From the field observation soil conditions, soil 
resistivity measurements lay-out 
shown the Construction Drawing, the corrosion 
representative advises the foreman 
termine’ schedule, based soil resistivity and pipe 


CORROSION CONTROL GROUP 


LARGE UTILITY 


MAP 


| 

tow 


Figure 5—Coordinate Index Map. Unshaded areas indicate lack 
corrosion experience. 


size, specifies anode spacing when resistivity 
measurements indicate that they should utilized. 
addition, observes installation techniques and 
may demonstrate, upon request the foreman, the 
correct method bonding across compression cou- 
plings, installing anodes, test wires, insulating cou- 
plings, operation pipe coating “holiday” detector, 
the approved method repairing “holidays,” ete. 
Note that far only magnesium anode protection 
has been mentioned, Due the preponderance 
other utility underground structures within the Dis- 
trict Columbia and some the densely populated 
suburbs, cathodic rectifier protection has been 
applied the distribution system. However, three 
small units are installed sections one 16-inch 
transmission line and one will soon installed 
protect the entire feeder main and distribution sys- 
tem for the small rural communities Vienna and 
Fairfax, Virginia, consisting several hundred 
houses which gas supply has been extended. 
the preliminary planning stage the Vienna exten- 
sion, soil resistivity measurements were made and 
recorded coordinate maps. This information proved 
useful selection rectifier ground bed location. 


Foremen Train Personnel 
The problem training company personnel within 
gang the foreman’s responsibility. contractor’s 
gangs handled the contractor’s foremen 
manner approved company inspector assigned 
the gang full-time basis. Distribution in- 
formation foremen and inspectors pertinent cor- 
rosion control accomplished issuing procedures 
and operating instructions necessary. 
When new instructions are issued, eliminate 
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faulty practices that may occur through misunder- 
standing instructions, the assistant general fore- 
men and the Corrosion Control Group review the in- 
structions with crew supervisors. 

days when weather does not permit working 
the field, the gang supervisors are required at- 
tend group meetings. These meetings are utilized, 
among other things, instruct them the funda- 
mentals corrosion and its control and review 
pertinent procedures and operating instructions. 

Present policy protect adequately all new and 
replacement installations and old installations 
they are brought the group’s attention through 
leakage surveys, paving activity, etc. 

The testing corrosion control installations 
determine their effectiveness important. date, 
the problems design, training and the development 
suitable operating procedures have occupied con- 
siderable portion time available. The recent addi- 
tion the group another man, now training, 
will provide opportunity for additional field observa- 
tions and testing, which date has been too limited 
for worthwhile discussion here. However, can 
said that, although some highly satisfactory results 
have been obtained, tests some lines indicate that 
protection below the desired level. This usually 
occurs some the built-up sections the city 
where positive isolation from other utility structures, 
well bare portions the system, particularly 
difficult. However, insulating joints are provided 
all new and replacement meter installations elimi- 
nate direct connection the underground water pip- 
ing through the water heater, furnace, boiler and 
the company contemplates expansion this method 
insulation through use kits change meter 
connections insulating type the time 
periodic meter change. 

short, the tests made date indicate that, while 
correct design and installation are necessary, the im- 
portance adequate testing program cannot 
overemphasized. believed that the program 
should include initial test soon after completion 
the job and periodic checks prove continued satis- 
factory performance, 

Early the program, the testing indicated that 
expanded use pipe coating “holiday” detectors was 
essential. The company now owns these devices 
and has more order. With these, expected 
that will possible inspect and repair coating 
more than percent the wrapped pipe that 
used for mains and much that used for services. 
The value good coating was illustrated the 
design survey for the proposed rectifier installation 
mentioned earlier. was found that approximately 
40,000 square feet pipe surface this small dis- 
tribution system and attached mile feeder main, 
all which was time installation, can 
amply protected approximately 1.5 amperes. 

complete list problems and activities Cor- 
rosion Control Group are too numerous discuss 
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one paper this nature. few the more impor. 
tant ones have been covered. view the vast dif. 
ferences long transmission 
lines and concentrated distribution networks, ap- 
pears that more discussions the distribution 
lems are desirable. With the increase number 
distribution companies organizing programs, the 
periences engineers who have been the game 
for several years would invaluable getting them 
off the right start. 


DISCUSSION 


Question Ralph Kuster, Union Gas Company 

Canada, Ltd., Chatham, Ont.: 
When cathodically protecting plant 
division corrosive area you make 
for the probable increase customers 
date? other words, you install additiona! mag- 
nesium anodes take care extra service 
that will added from time time 
division develops? 


sub- 


presentwe not make specific 
such, for probable increase customers. sub- 
division jobs houses are usually built close 
together the law allows” that for 
future growth necessary. However, try 
use safety factor large enough mains protection 
cover all possible services from mains are 
considering use smaller anodes each 
service. This, course, would reduce the anode re- 
quirements new mains and provide some protec- 
tion older unprotected mains. 


Question Robert Kerr, Southern California 
Gas Co., Los Angeles, Cal.: 

you protect each separate main extension re- 

placement individual insulated cathodic 

tection unit you insulate and protect larger 

unit areas? the latter, what are the approximate 

sizes the areas? 


both depending individual job, When 
connecting cast iron bare steel consider each 
wrapped steel extension separate unit with 
sulation the tie-in and anodes the 
Wrapped steel extensions from wrapped mains are 
tection but may may not insulated from 
ing system point tie-in. minimize the effect 
stray electric currents and facilitate future tests 


of, and adjustments to, the protection system 


stall insulating joints approximately 
tervals. However, this not fixed distance 
pending conditions the specific location, may 
considerably greater less than 200 feet. 


Any discussions this article not published above 
will appear the December, 1955 issue. 
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Introduction 


THE STUDY the mechanism the corro- 
sion metals one immediately involved the 
combined action thermodynamic and kinetic fac- 
tors, the differentiation which not always obvi- 
ous, the over-all thermodynamics necessarily 
otherwise corrosion would not result, 
clear one must look kinetic influences 
understand the effect corrosion The 
present work part comprehensive study 
the comparative behavior inorganic ions and mole- 
cules the general formula XO," derived from ele- 
ments the V-A VIII groups the periodic 
includes vanadium, niobium, chromium, 
tungsten, technetium, rhenium, ruthe- 
nium and osmium their highest oxides salts de- 
rived therefrom. was thought that comparing 
the effects these materials upon corrosion with 
their other properties might possible gain 
clearer insight into the specific properties responsible 
for inhibition the corrosion iron and steel. 
Among these elements, the use chromates 
inhibitors well-known, Molybdates and tungstates 
also have been shown inhibitors concentra- 
tions comparable those required the use chro- 
mates, these experiments having been done room 
Studies the remaining elements 
mentioned will summarized and reported more 
detail subsequent publication. 
The theories the action inorganic inhibitors 
the type the chromate ion, generally cen- 
ter around oxide film theory, the one hand, 
theory chemisorption without reduction the 
inhibitor reaction with the metal, the other. 
According the oxide film theory originally pro- 
posed Faraday his discussion passivity and 
developed many subsequent researches, the chro- 
each mate ion acts precipitating protective film 
mixed iron and chromium oxides, the in- 
means any flaws that may develop the pro- 
tions the electrode potential raised into the noble 
region which dissolved iron oxidized the iron 
tests state. The existence organic inhibitors which 
function without being reduced and without produc- 
ing large changes the electrode potential makes 
clear that other mechanisms for inhibition must also 
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based upon the adsorption inhibitor, 
specific sites else over the surface gen- 


* A paper 
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Tenn, 


presented at the Eleventh Annual Conference, National 
n of Corrosion Engineers, Chicago, Ill, March 7-11, 1955. 
Division, Oak Ridge National Laboratory, Oak Ridge, 
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the Corrosion lron and 


CARTLEDGE* 


Abstract 


Theoretical consideration possible mechanisms 
account for the action inorganic corrosion inhibi- 
tors the XO," type led the discovery that the 
pertechnetate ion, inhibits the corrosion 
iron and carbon steels aerated water tempera- 
tures from 250 which was the highest tem- 
perature investigated. The chemistry 
properties technetium are such make very 
useful studying the inhibitory process. Thus, 
has been shown that inhibition may achieved 
without precipitating more than radiochemical traces 
reaction products the metal and even this 
amount shown most probably secondary 
origin. Exposures two years have not been at- 
tended continuous increase the amount 
precipitated technetium. was found that even 
distilled aerated water effectively inhibited the attack 
SAE 1010 steel. The inhibition depends upon 
the maintenance some minimum concentration 
dissolved pertechnetate, the amount being dependent 
upon the nature the metal and surface activity. 
The evidence points weak, reversible adsorption 
the inhibitor ion the source inhibition. The 
perrhenate ion, very similar the pertech- 
netate ion geometry and charge, yet was found 
have inhibitory properties under any several 
conditions studied. The observations make clear 
that inhibition arises from some intra-ionic property 
internal polarity induce short-range 
electrostatic polarization the interface, whereby 
the activation energy for the cathodic part the 
corrosion process 


erally, have been developed number workers. 
Various theories this type have been discussed 
Hackerman and Makrides.* also discussed 
inhibition chemisorption ions, taking into ac- 
count the electronic configuration the metal serv- 
ing substrate. 

adsorption theories, the origin the force lead- 
ing adsorption and the specific way which ad- 
sorption affects the corrosion rate are two distinct 
problems and have been variously interpreted. Hack- 
erman and Makrides ascribe the action organic 
inhibitors the formation dative bond between 
the inhibitor and the metal. Uhlig assumes that the 
inhibitor chemisorbed, “thereby satisfying surface 
valence forces the metal” and setting dipole 
layer such that the potential becomes more noble. 

While may well that inhibition may result 
from number different causes, seems clear that 
such causes cannot arise from either the charge 
the ion unit interactions its oxygen atoms 
with the surface. Thus, the sulfate and chromate ions 
have equal charges, similar configurations and not 
greatly different dimensions. They should therefore 
act alike, unless some differentiation within the ion 
assumed. Yet the chromate ion inhibitor, whereas 
the sulfate ion not. more striking example the 
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same sort was discovered the course the present 
work, which was found that the pertechnetate 
ion, excellent inhibitor whereas the per- 
rhenate ion, does not inhibit, although the two 
ions are essentially identical size and have the 
same configuration and charge. 


Considerations this sort suggested that since 
the difference between the chromate and sulfate ions 
must sought intra-ionic difference, the in- 
hibiting property itself must reside some specific 
internal property the ion molecule. Such 
differences conceivably could arise from one more 

different stable states valence; 

different redox potentials; 

differing activation energies for transitions be- 
tween valence states; 

different charge distribution within the ion, as, for 
example, the presumption that the sulfate ion 
bonded chiefly covalently whereas the bonding 
between the chromium and oxygen atoms may 
distinctly ionic. 

These considerations led the possibility ascrib- 
ing the inhibiting properties short-range electro- 
static polarization the surface the substrate 
under the influence polarities existing within the 
inhibitor This idea will developed more fully 
after presenting the results the experiments. 
was such reasoning, however, that suggested the pos- 
sibility that, all the XO, ions and molecules, the 
pertechnetate ion should most closely resemble the 
chromate ion relation corrosion, since de- 
rived from transition metal the valence state 
and milder oxidizing agent than either the chro- 
mate ion the permanganate ion. The higher cen- 
tral charge would compensate for the somewhat 
larger size the pertechnetate ion, compared with 
the chromate ion. The very first experiment strik- 
ingly demonstrated the correctness this expecta- 
tion. 

The discovery the effectiveness the pertech- 
netate ion inhibitor very fortunate for the 
detailed study inhibition. Technetium, atomic 
number 43, derives its name from the fact that was 
the first the previously unknown elements 
artificially This achievement was accom- 
plished 1937 Perrier and who obtained 
infinitesimal amounts technetium bombarding 
molybdenum target with neutrons deuterons. 
Much larger amounts the element have been pro- 
duced separation from the fission products nu- 
clear reactors, the yield technetium daughter 
being about 6.2 percent the atoms 
undergoing fission. 

The element occurs the VII-A family the 
periodic system along with manganese and rhenium. 
Numerous properties the metal and its com- 
The maximum valence technetium 7*, which 
state forms oxide acid and 
such salts potassium pertechnetate, KTcO,. These 
compounds differ from the analogously constituted 
manganese compounds being more stable with re- 
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TABLE 1—Molar Extinction Coefficient 
Aqueous Potassium Pertechnetate 


SAMPLE 2875 Ratio 


spect reduction; the pertechnetate ion colorless, 
sharp contrast the permanganate ion. 
tium also forms dioxide, TcO,, reduction the 
pertechnetates acid solution. The thermodynamic 
relationships among the different valence states are 
summarized the following diagram, which shows 
the molar electrode potentials for transitions 
the different valence states acid 


0.472 


* European convention for signs, 


The pertechnetate ion has strong absorption 
the ultraviolet region the spectrum which very 
useful for quantitative determination the 
the absence interfering substances. Thus, using 
l-cm absorption cell Model Beckman 
give convenient optical densities; with longer cell 
even lower quantities may determined. The potas- 
sium pertechnetate used this investigation con- 
sisted solutions accurately prepared weighing 
very pure crystalline salt. This material 
rated from fission products and the potassium salt 
had been recrystallized until was believed 
free from all significant impurities.* Spectrographic 
analysis revealed the presence impurities other 
than spectrographic traces calcium, magnesium 
and silicon, rhenium was indicated within the 
limit detection approximately ppm. 

The absorption spectrum three solutions pre- 
pared from the two batches crystals 
mined. The solutions were 1.05, 2.11, 
and respectively. The wave-length scale 
was calibrated against mercury-vapor spectrum. 
Table gives the molar extinction coefficients, found 
the two maxima analytical interest. The 

Measurement particular solution intervals 
showed the solution stable even after months 
preservation. 

The technetium isotope atomic mass radio- 
active but has long half-life approximately 
years. emits 0.3 mev beta radiation, The dilute 
solutions containing inhibitor concentrations the 
potassium salt may, therefore, 
special precautions other than the avoidance 
chemical contamination, The specific 
about microcuries per metal nds 


* The author is indebted to G. W. Packer and W. J. Martin <« 
Laboratory Research Group of this Division for supplying 
Salt. 
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10° disintegrations per sec. per mg., that con- 
venient counting rates are obtained from the minute 
amounts that normally deposit inhibited speci- 
mens, the present experiments, quantitative deter- 
mination was made using the absorption spectrum 
for standardizing solutions and beta activity for de- 
termining the deposit metallic specimens. For the 
latter purpose, calibration curve was prepared 
evaporation aliquots standard solutions upon 
steel shelves that fitted directly the 


II. Test Materials and Procedures 


Materials. The following list the 
ferrous used the course the inhibition 
tests. 

No. was electrolytic iron approximately 
mil prepared the Metallurgy Division 
the niversity Vermont and obtained through 
the the Metallurgy Division this labo- 
ratory. specimen was supplied with the follow- 
ing 0.01, 0.003, 0.011, 0.020, 
ference percent. 

No. 102, SAE 1010, half-inch mild steel 


pec- strap, having the following analysis: 0.097, 


cell 
tas- 
ling 
epa- 
salt 
phic 
ther 
the 


No. 103, cast iron, not analyzed. 

No, 104, iron wire mil diameter, sup- 
plied Jones and Laughlin Steel Company through 
the courtesy Dr. Beeghly. This sample had 
the following analysis: 0.32, 0.79, 0.015, 
0.036, 0.22 percent. 

Sample No. 300, used few experiments, was 
amobium-stabilized stainless steel, Type 347, 10-mil 
annealed sheet, having the following partial analysis: 
0.05, 18.10, 9.75, 0.71, 0.59, 0.57 
percent. 


Preparation. most the experiments 
the surfaces were lightly polished hand with abra- 
sive papers, the polishing being generally finished 
with 2/0 emery. some cases the specimens were 
though this procedure was not en- 
satisfactory when applied carbon steels. The 
polishing bath consisted percent phosphoric 
acid which was added grams chromic acid per 
100 ml. For stainless steel the bath was phosphoric 
vals 60, sulfuric acid 20, water parts volume. 
The anodic current density was held about 0.5 

and polishing was continued for min- 
utes All specimens were degreased acetone 
before 


pre- 
der- 
cale 
ch¢ 


Test Procedures, Whereas few experiments were 
made laboratory temperature, the majority the 
inhibition were carried out higher tem- 
peratures. Unless other conditions are specified, 
closing the end the outer part water-cooled 
19/38 joint make test tube 
175 The inner part the joint was drawn 
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pure 
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Four these tubes were inserted into 5-necked 
500 flask having reflux condenser through the 
center opening. The flask was heated glass-col 
mantle. the usual procedure the water the flask 
was kept just the boiling point during the daytime 
and room temperature night. all times the 
solutions were open the air through the short con- 
denser. 

When experiments were conducted 250 the 
specimens were held Teflon block which rested 
solution was placed the bomb, which had total 
volume approximately ml, and the bomb was 
then sealed atmospheric pressure. The bombs were 
heated fused-salt constant-temperature bath. 

those experiments which technetium was used 
inhibiting concentrations, qualitative evaluation 
was obtained visual observation, since was noted 
that incipient corrosion could detected turbid- 
ity discoloration long before significant changes 
weight Loss weight corroding spec- 
imens was approximately determined after brushing 
off loose rust under running water and rubbing the 
specimen paper towel. The technetium con- 
sumed inhibited specimens was determined 
counting the specimen after had been rinsed thor- 
oughly with water, then with acetone and dried 
paper 


Autoradiograms. number experiments loca- 
tion technetium which had been deposited 
specimen was determined autoradiography. For 
this purpose, high-contrast lantern slide plates were 
used with due precaution avoid development 
latent image pressure. Exposure times from 
hours were used, depending upon the amount and 
distribution the activity the specimen. Com- 
parison the autoradiogram with the original spec- 
imen was made superimposing the photographic 
plate over the specimen under low-power binocular 
case heavy silver deposit was pres- 
ent, was impossible see the specimen through 
the photographic deposit. was found that micro- 
scopic observation could greatly facilitated 
these instances transforming the silver into silver 
iodide the developed and fixed plate. This was ac- 
complished immersing the plate aqueous 
solution containing potassium ferricyanide, potas- 
sium iodide and iodine, After conversion the silver, 
the plate was again washed photographic hypo and 
finally water. was then usually possible see 
the underlying metal through the greenish-yellow 
silver iodide film. 


III. Demonstration Inhibitive Properties 


this investigation there has been attempt 
make thoroughgoing determination corrosion 
rates under conditions having reference particular 
applications. Since the primary purpose was study 
the chemistry involved corrosion and its inhibi- 
tion, after the inhibitor properties were demonstrated 
the work was devoted attempts elucidate the 
details the inhibiting action. This section will de- 


Figure 1—Spotting tests with KTcO, and electrolytic iron. 


scribe the experiments which demonstrated that the 
pertechnetate ion does, fact, act inhibitor for 
the corrosion iron and mild steel areated water 
over considerable range temperatures, 


Preliminary Experiments. matter historical 
interest, the first experiment, which was done 
November 1952, successfully demonstrated the in- 
hibiting character potassium pertechnetate. This 
experiment was made cleaning piece electro- 
lytic iron (sample No. and placing upon four 
drops different solutions; one drop was tap water; 
second was 0.01 KTcO,; the third was drop 
the same pertechnetate solution plus one drop tap 
and the fourth was 0.003 The metal 
was covered with large funnel and allowed stand 
room temperature until the drops evaporated. The 
pertechnetate and chromate spots remained free 
rust, while the spot covered with tap water was 
heavily rusted. photograph similar spotting 
test room temperature shown Figure From 
this crude test was apparent that the pertechnetate 
solution was effective somewhat lower concentra- 
tions than were required for chromate inhibition 
under these conditions. The small spots and smudges 
seen most the spots were evaporated salt; 
and showed small areas attack, while and 
were heavily 


Inhibition 100 The major portion the ex- 
periments have been conducted according the pro- 
cedure described Section wherein the solution 
was kept near 100 during the work days and cooled 
overnight, with constant exposure the atmosphere. 
was found that under these experimental condi- 
tions convenient graphical representation the 
corrosion rate uninhibited specimens could ob- 
tained empirically counting hours room tem- 
perature equivalent one hour 100 The 
results obtained during the first few weeks one 
set experiments are presented Figure 
these experiments, portions mild steel (sample No. 
102) size were polished with emery 
paper, degreased and then exposed portions 
the appropriate solution. 

experiment T-28 the solvent was distilled water 
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Figure 2—Weight changes and counts per minute. 


ppm chloride ion potassium chloride was 
present T-29. Two specimens were run controls 
and two KTcO, (50 ppm Tc). may 
seen from the graph, the controls corroded rapidly, 
whereas the two specimens exposed 


suffered weight change within the accuracy the 


analytical balance 0.2 mg). 


will noted from the upper portion Figure? 
that the beta activity remained essentially 
after the first two hours 100 until specimen 
was accidentally dropped returning its tube 
This caused its activity rise higher level, but 
without loss inhibition. Both specimens exposed 
the pertechnetate solution remained bright and the 
solutions remained clear and colorless. The conttd 
specimens this experiment were the 
end approximately three months, which 
their weights had decreased and 
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spectively, the greater loss being the solution con- 
taining chloride 

The inhibited specimens were left their respec- 
tive solutions laboratory temperature and were 
periodically weighed and counted. Twenty three 
months after the beginning the experiment there 
was visible change either the specimens the 
clear solution and the weights were unchanged.* The 
beta activity sample T-29 fluctuated around 


the minimum amount technetium re- 
inhibition, After the tests had run long 


quired 


the number parentheses being the av- 

erage from the mean measurements 
March 1953 and December 1954. Similar re- 
sults obtained other specimens subjected 
per cm? geometrical area. 
experiments was made with the same 
steel No. 102) under the usual conditions 
(100 the day and degrees overnight) 


enough certain the results (days weeks) 
certain -pecimens were continued room tempera- 
ture for longer periods. There was rather sharp 


break essentially complete inhibition and 
rapid corrosion, only one instance has been ob- 
served that slight rust formation occurred initially 
and ceased. Table shows the results series 
experiments that fixed the inhibiting minimum 
ppm when using this particular metal and 
the specified experimental conditions, ppm the 
corrosion was about rapid water alone and 
the technetium count the metal was very high. 


The amount technetium required for inhibition 
varied, however, with the nature the ferrous metal. 
few experiments were done with steel wire (sam- 
ple 104) having carbon content 0.32 percent. 
This specimen was not always inhibited 5-10 ppm 
pletely inhibited both temperatures ppm 
like manner cast iron was found require still 
higher concentrations technetium. When milled 
Specimen was exposed 100 ppm Te, reduc- 
tion dark coating was apparent within twenty 
and beta count after 2.6 hours showed that 
the amount technetium left solution was below 
the inhibitive limit previously found for mild steel. 
The specimen subsequently corroded. second milled 
the same cast iron was exposed 


large amount the technetium its surface and 


three days showed slight degree corrosion. 
other experiments the cast iron was 
water 100 After one week the solution was still 
Water-clear and the was covered 
bronze film with interference colors here and there. 
beta count showed approximately 0.05 
have been deposited the specimen 
the total 0.50 initially present. This ex- 


mnths this is still true. 


* After 31 ; 
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INHIBITOR 
with identical metal specimen, the end one 
week the specimen had rusted the corners where 
made contact with the test tube. brassy film cov- 
ered the entire surface elsewhere and the chromate 
had been entirely reduced and removed from solu- 
tion. 


further tests with the same emery-polished cast 
iron the specimen was first immersed 10° 
K,CrO, for approximately one day, part the time 
100 and was then transferred pertechnetate 
solution ppm Tc. was thought that pretreat- 
ment the chromate solution might suffice oxi- 
dize the more active areas and diminish the amount 
technetium activity deposited the metal. This 
was found the case. Whereas about percent 
the technetium was removed from solution the 
untreated cast iron, pretreatment potassium chro- 
mate reduced this loss approximately 1.1 percent 
and 1.6 percent the technetium present two ex- 
During seven months observations the 
specimen remained unattacked except for small 
area brown smudge that formed the very begin- 
ning. Here again the beta counts fluctuated and 
down over range about percent the total 
count. 


Experiments 250 Several experiments were 
carried out 250 merely determine whether in- 
hibition persists under these conditions. The platinum- 
lined bomb described Section was Spec- 
imens carbon steel (sample No. 102) square 
were emery polished, degreased and mounted 
sticking one corner small slit Teflon block. 
This block rested the bottom the bomb and the 
specimen was covered with solution. This 
left approximately air space when the bomb 
was closed.* tests lasting hours the control 
specimen initially weighing 0.2828 lost 9.0 after 
incomplete descaling. The water was filled with loose 
mud. second specimen was heated simultaneously 
10° KTcO, (100 ppm). The solution this 
bomb remained water-clear and there was sedi- 
ment. The specimen weighed 0.2870 initially and 
the same the end the experiment. The beta 
count showed that approximately 3.5 10° 
technetium had been removed from 
which contained 1.0 initially. 

similar experiment was done determine 
whether still lower concentrations technetium are 
effective also 250 Specimens the same carbon 
steel (sample No. 102) weighing approximately 0.3 
were exposed the platinum-lined bombs dis- 
tilled water containing and ppm respectively. 


TABLE Effect 
Different Concentrations 


Concen- 
Tc (ppm) | tration (f) Observations 

1 1x 10-5 Spotting within 15 min.; rusted overnight 

3 3x 10-5 Spotting within 15 min.; rust evident in 2 hours 

5 5 x 10-5 Complete inhibition; 61 weeks’ observation 
rf 7x 10-5 Complete inhibition; 61 weeks’ observation 
10 1 x 10-4 Complete inhibition; 61 weeks’ observation 
15 1.5 x 10-4 Complete inhibition; 61 weeks’ observation 
25 2.5 x 10-4 Complete inhibition; 61 weeks’ observation 
36 3.6 x 10-4 Complete inhibition; 61 weeks’ observation 
50 5.0 x 10-4 Complete inhibition; 101 weeks’ observation 
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The bombs were kept 250 for 116 Both 
solutions remained water-clear and the weights 
the specimens remained unchanged. Beta counting 
showed that each case approximately 1.8 10° 
technetium was precipitated the specimen. These 
experiments made evident that, for the emeried 
mild steel employed, inhibition the aerated solu- 
tion 250 required more technetium than 
necessary the lower temperatures. 


Non-Persistence Inhibition. The inhibition 
corrosion induced the pertechnetate ion was found 
not persist when the iron specimen was removed 
from the inhibiting solution, This was found 
true regardless the amount insoluble technetium 
retained the specimen after thorough washing. 
That the inhibition necessitates the presence cer- 
tain minimum concentration dissolved pertechne- 
tate was demonstrated also the following experi- 
ments. 

Specimens SAE 1010 (sample No. 102) were 
inhibited solutions containing ppm techne- 
tium distilled water 100 The solutions were 
then diluted stages determine whether the sur- 
face condition produced the higher concentration 
would remain protective after dilution. Dilution 
ppm gave continuing inhibition. The specimen 
diluted ppm remained bright except for some 
spotting the contact the corners the spec- 
imen with the glass tube. Two specimens diluted 
ppm began rust actively within two hours after 
dilution. another experiment, specimen exposed 
ppm remained inhibited while similar speci- 
men diluted from ppm slowly developed 
slightly mottled appearance and other specimens 
diluted from ppm began corroding within 
minutes after dilution 100 third series dilu- 
tion tests was made with the steel wire (sample No. 
104) with similar results. These experiments make 
clear the dependence the inhibiting process upon 
the presence adequate concentration dis- 
solved pertechnetate. case has specimen pre- 
viously inhibited the pertechnetate failed cor- 
rode when removed from the solution and exposed 
distilled water. 

The Effect Acidity and Electrolytes. The per- 
technetate ion rapidly reduced active metals 
sufficiently acidic the product being tech- 
netium dioxide, TcO,. extensive experiments have 
been made determine the precise range acidity 
within which inhibition may achieved. has been 
found, however, that with the carbon steel (sample 
No. 102) used chiefly these experiments, inhibition 
effective distilled water within the range 
5.5 9.0 least. The experiments were done 
making solution sulfuric acid and 
ing the addition very dilute sodium hydrox- 
ide. Under these conditions the amount technetium 
precipitated the surface was apparently enhanced 
the presence the electrolyte, though the speci- 
mens were well inhibited during the brief duration 
the experiments. The presence chlorides 


* The author is indebted to J. S. Gill for the loan of the bombs and 
fused-salt bath used in all the experiments conducted at 250 C. 
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Figure 3—Scratched stainless steel, and its after 
exposure potassium pertechnetate. 


sufficiently low concentrations does not 
tion but requires increase the quantity tech- 
netium. was repeatedly found that ppm tech- 
netium inhibited the corrosion mild steel 
when ppm chloride ion was present 
sium chloride. The same amount technetium failed 
inhibit when ppm chloride ion was 


IV. General Features the Inhibition 


The inhibiting power the pertechnetate 
ing been established, the radioactivity the 
was utilized determine number features the 
inhibitory process, The details this portion the 
investigations will presented other papers, but 
certain the results may briefly outlined. 


the inhibition experiments some the inhibitor 
was invariably left the thoroughly washed metal 
specimen. The amount, determined the beta 
counts, varied over wide range according the 
surface activity the metal. Thus was found 
concentrated scratches flaws the metal. 


specimen T-29, for example, during the first six min- 
utes exposure the metal the inhibiting 
tion 100 dark bluish area 0.06 0.1 cm. de- 
veloped around defect the metal. This represented 
only 0.25 percent the geometrical surface area 
the affected side but accounted for roughly per- 
cent the beta counts from that side. The spot re- 
mained unchanged during the remaining two 
the experiment, the end which time stil 
carried percent the activity. 


like manner, piece stainless steel was 
with file and then exposed pertechnetate solt- 
tion 0.1 sulfuric acid 100 until had 
quired 15,000 Figure shows the 
specimen and its autoradiogram clear 
the technetium deposited selectively the scratches. 

The precipitation insoluble technetium 
itself, lead inhibition, however. solution 
used which insufficiently concentrated inhibit 
corrosion, reduction the pertechnetate ion oceeds 
rapidly. 

Neither was any limiting amount 
essential for inhibition. Experiments ott 
specifically test this point achieved 
under very corrosive conditions with 
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netium per cm? geometrical area. With the as- 
sumption any likely roughness factor, this would 
represent only very small fraction one percent 
monatomic layer even were uniformly dis- 
tributed, which almost surely not the case. This 
amount technetium activity compared with 
the 5.5 atoms chromium per cm? reported 
Brasher and and 5.2 atoms/cm? 
similarly reported Powers and for 
the treatment carbon steel chromate solutions 

has been found that the pertechnetate ion re- 
duced, probably the dioxide TcO, wherever 
iron corroding, attackable anode. Since the 


ion just able, thermodynamically, 
oxidize ‘errous ions iron hydroxide suf- 


ficiently high pH, believed that the observed 


deposit secondary product local attack consist- 


ing mixture iron and technetium oxides. The 
this deposit may greatly reduced 


cleaning the surface chemically electrochem- 


ically exposure the pertechnetate, though 
such pretreatment does not prevent corrosion the 


absence inhibitor. 


The also have demonstrated that the 
process involves labile state which 


most probably described competitive ad- 


sorption the inhibitor particle. Current events, 


rather than history, determine whether corrosion 
arrested. The are not such, however, 
cause continuing increase the amount 


precipitated technetium, shown the beta activ- 


ity specimens observed for two years, Not 
only so, but was found that the presence other 


ions, including the sulfate ion, sufficient concen- 
tration weakens the inhibiting power the pertech- 
netate ion and similarly affects other properties 
the metal-solution system. This agree- 
nent with the data Hackerman and who 
showed that there similar competition between 


chromate and sulfate ions adsorbed chromium. 


The Behavior Other Particles 


special importance for inhibitor theory was the 


observation that the perrhenate ion, failed 
under any conditions investigated. 
salt prepared neutron bombardment was 
used few experiments insure that the differ- 
ence the action the two otherwise very similar 
ions Was not due the radioactivity technetium. 

result reinforces the conclusion 
that the inhibition the ions mole- 
cules that are effective must derive from some prop- 
having its source within the particle, rather than 
arising from image charges due the ion 
from interactions the tetrahedral oxygen 
atoms the XO, particle with the substrate. 


Study the other XO," ions and molecules re- 


the introduction showed that neither 
nor molybdate maintained inhibition 
under the conditions used these experiments. 
but only when present much 
concentrations than were necessary with the 


niobate and tungstate pH’s above nine 


INHIBITOR 


pertechnetate. Ruthenium (VIII) oxide, 
aqueous solution was found immediately re- 
duced the carbon steel (sample 102) 100 
and gave extremely fast corrosion.* the contrary, 
was found that osmium (VIII) oxide, ina 
percent solution (ca 0.04 passivated iron and steel 
does concentrated nitric acid. sensitive state was 
produced which resulted slow formation visi- 
ble film, especially 100 The film was easily rup- 
tured, whereupon pits formed slowly the poorly 
conducting solution, rapidly little sodium sul- 
fate was present. Most the surface then remained 
covered with bluish brassy cathodic film. 

The hypothesis which initially led this study 
involved the search for some intra-ionic property 
which the inhibition might ascribed. was 
pointed out earlier, the difference between the per- 
technetate and perrhenate ions with respect inhi- 
bition required this difference sought the 
internal electrical character the ions. Their net 
charges are the same, they are both tetrahedral and 
the ions are almost identical size. The par- 
ticles having very high redox potentials 
are rapidly reduced and the reaction products not 
form protective films under the conditions the 
present work. The ability oxidize ferrous ions is, 
therefore, not enough; is, fact, disadvantageous 
the unreduced particle the effective inhibitor. 

If, the evidence seems indicate, the unreduced 
particle really the inhibitor and loosely, rather 
than irreversibly, adsorbed then may that its 
action depends upon internal charge distribution 
which permits negative charge under 
its site adsorption, without exerting sufficient 
pull for actual electron transfer occur. The redox 
potential should not, therefore, too high, else 
there should high activation energy for the 
redox reaction. The general results the investiga- 
tion support such tentative suggestion. Table 
gives the redox potentials calculated for various XO,’s 
tion either XO, (c) other product, indicated.” 

The very noble potentials the MnO, and RuO, 
couples correspond the immediate reduction 
these substances carbon steel 100 The best 
inhibiting properties occurred with whereas 
both and passivated the steel with simul- 
taneous reduction some the passivating material. 


TABLE 3—Calculated Redox Potentials 
Various Couples 


VI Vil 
Cr Mn 
0.61* | 1.16 


Mo Te 
ca 0.0* | 0.20 


pH = 6; XO4 = 10-3 ‘ 
Reduction unless noted. 
*V204; ReOs. 


* The experiments with vanadates, molybdates, tungstates and ruthe- 
nium (VIII) oxide were carried out in collaboration with Dr. Ruth P. 
Yaffe. 
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VI. Summary 


The inhibition experiments themselves may 
summarized follows: The corrosion electrolytic 
iron, mild steel and cast iron aerated water has 
been shown inhibited potassium pertechne- 
tate very low concentrations. few experiments 
the temperature was 250 and 10° solution 
ppm Tc) was effective this temperature with 
SAE 1010 steel for test period 116 hours. Both 
the quantity inhibitor required and the loss due 
reduction were found highly dependent upon 
the composition and surface activity the ferrous 
material, The inhibition was shown depend upon 
the maintenance adequate concentration dis- 
solved pertechnetate contact with the metal and 
was lost when the solution was diluted below this 
limit. Also, there was inhibition when the solution 
was sufficiently acidic. 100 the pertechnetate 
ion inhibited lower concentrations than were re- 
quired the chromate ion. experiments extend- 
ing over period two years there has been 
evidence corrosion nor continuous reduction 
the inhibitor. 

Experiments with other XO," ions molecules 
have been briefly presented, together with some sug- 
gestions regarding the bearing the results the 
theory inhibitor action. 
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DISCUSSIONS 
Remarks Norman Hackerman, University 
Texas, Austin: 
There question the effect that there de- 
pendence minimum TcO, concentration the 
carbon content the steel. you feel that has 
anything with possible increase number 
and area anodes carbon 


not believe enough information hand 
discuss the relation between carbon content and 
hibiting concentration. This point which hope 
someone will explore more fully. Dr. Hackerman’s 
suggestion very likely the point, but not 
feel that would justifiable further into the 
subject the present paper. 


Any discussions this article not published above 
will appear the December, 1955 
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Design and Application Corrosion 
Current Measuring Instruments* 


DONALD HAM* 


destructive forces corrosion under- 
structures are well known many. 
There many papers providing information the 
detection and correction corrosion Most 
investigations require that data accum- 
ulated the use instruments and measurements 
the parameters the circuit. the pur- 
pose this article offer information corrosion 
engineers regarding instruments available for this 
work. also the purpose this paper give de- 
sign instruments may applied 
the problems corrosion investigations. 


The various factors governing the design instru- 
ments presented for twofold purpose. First 
all, they will enable the corrosion engineers apply 
the properly and understand their limi- 
tations, Secondly, they will enable corrosion engi- 
neers suggest new instrumentation techniques 
manufacturers. 

Most companies making corrosion testing instru- 
ments are willing cooperate with corrosion engi- 
neering people the development new techniques 
and new instrumentation wherever possible. Some 
the most useful instruments developed this field 
have been the result such cooperative efforts. 

Practically all instruments used corrosion 
measurements are the D’Arsonval type. The 
instrument basically current sensi- 
tive device. may arranged measure either cur- 
rent voltage. This purely matter the circuit 
chosen. The mathematics underlying this type in- 
strument show that for given spring constant, the 
instrument will have resulting power sensitivity 
which independent the number turns the 
moving coil the resistance the moving coil, pro- 
vided the physical dimensions the instrument re- 
main the same, Instruments having higher sensitivity, 
that is, lower power consumption are characterized 
weaker spring torque and consequently, lower 
torque-weight ratio. Since the torque-weight ratio 
seen easily that the higher sensitivity instruments are 
not particularly rugged. Conversely, the low sensi- 
instruments requiring higher power also with- 
stand rough handling better. 


Classification Into Three Groups 


example this relationship between rugged- 
ness and power sensitivity, instruments may class- 
three general groups. The first would those 
called super-sensitive instruments having power 
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Abstracts 


The three principal kinds instruments used 
measure currents associated with corrosion are de- 
scribed and their circuit diagrams illustrated. Consid- 
erations involved selecting the correct instruments 
for several kinds current measuring problems are 
reviewed and the capacities and limitation the ap- 
plicable instruments evaluated. Examples typical 
uses are given. 


sensitivity the region 0.1 1.0 microwatt. 
These are delicate and must carefully 
when used. Furthermore, during transportation they 
must carefully protected from mechanical shocks. 
This usually done mounting the instrument 
container lined with sponge rubber. 

The second group instruments what may 
termed sensitive field instruments having power sen- 
sitivities the order 10.0 microwatts. These in- 
struments also must handled with reasonable care 
during field use and must, furthermore, protected 
from shocks during transportation shock absorb- 
ing sponge rubber lining the containers which 
they are transported. 

The third group classed field instruments for 
rugged service and take approximately 100.0 micro- 
watts power the basic range. These instruments 
can handled quite roughly and need particular 
protection during transportation, long they are 
not badly abused severely shocked mechanically. 
The power sensitivities that are mentioned herein, 
are those for the basic first range the instrument, 
that the lowest range. example, voltmeter 
having ranges .005/.02/.1/.5/2/5/20/50/100 volts 
10,000 ohms per volt, may take one-half micro- 
watt its first range .005 volt. The second range 
.02 volt takes four times much power, two 
microwatts. The power consumption increases with 
voltage and the 100 volt range the instrument 
taking 10,000 microwatts. Since the delicacy the 
instrument determined the power sensitivity 
the lowest range, reasonable say that buy- 
ing instrument selecting one for particular 
measurement, the maximum amount power that 
may drawn from the circuit under measurement 
should used the first range whenever possible. 
This will result the instrument selected being 
rugged possible. this guide followed, better 
and more economical service will result from any in- 
strument. 


Use Special Circuits 


addition the basic instruments described, spe- 
cial circuits may used increase effective sensi- 
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Figure 


tivity the various instruments without causing ex- 
cessive mechanical delicacy. One these the 
potentiometer voltmeter. This instrument, whose 
schematic diagram given Figure uses rugged 
voltmeter millivoltmeter give the actual indica- 
tion, but really depends galvanometer for its high 
sensitivity. this way, the deflection power for the 
main instrument obtained from internal power 
source whereas the sensitivity for the instrument 
obtained from galvanometer whose accuracy need 
not high, Although this instrument well suited 
field service, there limitations are imposed the 
need for manipulation controls get balance. 
Another special circuit instrument the zero- 
resistance current meter. The schematic diagram 
the zero-resistance current meter given Figure 
Here again the deflecting power the main instrument 
obtained from internal batteries and the ultimate 
sensitivity the instrument obtained from gal- 
vanometer. Examples given later will illustrate the 
use and limitations these types instruments. 


Ideal conditions voltage measurements would 
have the instrument impedance high that offers 
loading the circuit being measured, Likewise 
the ideal condition current measurement have 
zero-resistance current meter which offers neither 
loading nor inserted impedance into the circuit. 
further idealized condition would have the in- 
strument completely undamageable under field serv- 
ice conditions. some practical applications, these 
conditions can approached but many others 
practical compromises must made. 

order illustrate the use basic instrument 
power consuinption criterion for the selection 
measuring equipment, some hypothetical situa- 
tions are given examples. Two preliminary as- 
sumptions are made these examples: 

First, that the instrument chosen should the 
most rugged classification order that maximum 
economy measurement time and instrument 
maintenance effected: and 

Second, that the error due loading the circuit 
being measured fixed percent order 
make the various situations comparable. 


Example (See Figure 3.) Suppose desired 
measure the voltage drop caused current flow- 
ing cable sheath section whose resistance 
known 0.01 ohm, The current expected 
about ampere, giving drop .01 volt, very 
close approximation, the cable section could re- 
placed equivalent circuit consisting 0.01 
volt generator series with 0.01 ohm. order 
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Figure resistance milliammeter. 


limit the loading error percent, the 
resistance must greater than .01 100 
The instrument power represented .01 


watts. This places the instrument the field 
service class. 


Example (See Figure 4.) Assume that 
to-structure potential 0.1 volt measured. 
The resistance the circuit voltage source 
1000 ohms. limit the loading error the 
meter percent its resistance must greater than 
100 times the 1000 ohms source resistance, 
ohms. The power available the instrument then 
.0000001 watt 0.1 microwatt. This meas- 
urement, then, requires the most sensitive 
instrument; namely, million ohms per volt volt- 
meter, having 0.1 volt, 100,000 ohm range. 


Example (See Figure 5.) Suppose that the source 
resistance Example were 10,000 ohms. The volt- 
meter required then would one order magnitude 
more power sensitive 0.01 microwatt, Since the 
ultimate sensitivity double-pivoted portable 
struments about .05 microwatt, this measurement 
would impossible make with maximum load- 
ing error percent, using conventional instru- 
ments. The solution this measurement problem 
would the use potentiometer voltmeter such 
the one whose diagram shown Figure 
complete package containing battery, millivolt- 
voltmeter, galvanometer and control rheostats. The 
instrument capable making measurements 
which, balance the galvanometer, take cur- 
rent from the circuit under measurement. Thus, 
using the potentiometer voltmeter, the measurement 
0.1 volt can made circuit having inter- 
nal resistance 10,000 ohms with loading error 
considerably less than percent, measurement 
which not possible with even the most sensitive 
conventional voltmeters. 


Example (See Figure 6.) The current flowing 
structure-to-structure bond measured. The 
resistance the bond very low compared the 
source resistance the circuit and the 
nal voltage causing the current 1.0 volt. order 
that the error due the insertion instrument 
into the circuit kept within percent, the 
strument resistance must kept within 
the total circuit resistance. Thus, the instrument 
sistance must kept less than 0.01 ohm. The 
measured about ampere and the 
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taken the instrument watt 10,000 
microwatts. This could one the higher ranges 
rugged instrument having base range requir- 
ing 100 microwatts. 


Example (See Figure 7.) Suppose desired 
insert current measuring instrument into the circuit 
structure-to-structure bond. The combined re- 
sistance the bond and source resistance ohm 
and the emf causing the current volt, resulting 
current .333 ampere. order limit the 
error the insertion the instrument into 
the circuit percent, the instrument resistance 
must kept below 1/100 the total circuit resist- 
ance, maximum allowable instrument resistance 
1/100 ohm .003 ohm. The power consump- 
tion instrument I?R .000333 watts. This 
333 microwatts, which indicates that the instrument 
can rugged. Unfortunately there further 
limitation the range this type instrument. 
The insirument this example requires voltage 
E=IR=.001 volt, which the mini- 
mum full scale voltage attainable with the 
type instrument. Thus, although the 
power available would classify this instrument one 
for field service, happens fall the 
millivolt sensitivity delicate type in- 
strumenis. alternative solution for this problem 
would the use zero resistance milliammeter. 
This instrument the rugged field service class 
but capable measuring currents very low re- 
sistance circuits with negligible volt drop inser- 
tion loss. The circuit diagram this instrument 
shown Figure 


Advantages Circuits Explained 

has been shown Examples and that under 
some conditions the inherent limitations the 
straightforward type voltmeter and ammeter re- 
strict their use. Advantage gained using either 
the potentiometer voltmeter circuit the zero re- 
sistance milliammeter circuit overcome these limi- 
tations. The disadvantage the potentiometer volt- 
meter the zero resistance meter that manual 
manipulation required obtain galvanometer 
balance. the quantities being measured are varying 
rapidly, may that the variations cannot fol- 
lowed manual adjustment the controls, this 
case, these instruments are not the proper solution 
the problem. Sometimes advantageous re- 
sort the use vacuum tube voltmeters. 

the examples given above the assumption has 
been made that the base range the instrument 
would that required the This may 
may not realistic approach, depending the 
problem. Many times various problems require in- 
struments with millivolt sensitivity; that is, the ca- 
pability measure low values millivoltage. Other 
measurements may require that the instrument draw 
very little current but not have the extremely high 
millivolt sensitivity. Some manufacturers have de- 
dual purpose instruments using tapped mov- 
ing The low resistance tap has lower current 
Sensitivity and lower resistance and consequently, 
higher millivolt sensitivity, whereas the full winding 


Figure 3—Equivalent circuit cable section. 


POTEnNTIOMETER 
VOLT METER 


Figure 


ZERO RESIS TANCE 
MILLIAMETER 


Figure 


tap has high current sensitivity with the resulting 
high resistance and lower voltage sensitivity. 
Examples this type instrument are, for in- 
stance, volt-millivoltmeter, having 1000 ohms per 
volt the millivolt ranges, and 5000 ohms per volt 
the volt ranges. Another example the zero cen- 
ter, ultra high resistance voltmeter, having sensi- 
tivity 10,000 ohms per volt from millivolt 
millivolts and 200,000 ohms per volt the higher 
voltage ranges. The duplex electrolysis millivoltme- 
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ter has approximately 2000 ohms per volt sensitivity 
the 1.5/5 millivolt ranges and 50,000 ohms per 
volt sensitivity from millivolts 150 volts. 
This type instrument satisfactory compromise 
for most field measurements. 


Sensitivity Criterion 


Experience instrument design indicates quite 
clearly that power sensitivity instrument 
criterion for its capabilities satisfactory approach 
the problem fitting the instrument the appli- 
cation. course, other transcending limitations 
must kept mind, Examples have been given 
show the use the power sensitivity criterion for the 
capability instrument make measurements 
with percent instrument insertion error. larger 
insertion errors are permissible, necessary only 
use the correct constants. The important limita- 
tion that the lowest possible millivolt sensitivity. 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


practical working figure for threshold 
volt sensitivity millivolt. also has been illys. 
trated that some deviation from standard voltmeter 
and current meter circuitry can result the ability 
make accurate measurements beyond the capabili- 
ties the standard instruments. This, course, 
the case with these zero resistance milliammeters and 
the potentiometer voltmeters. 

The field corrosion measurements and corrosion 
control one that challenges the ingenuity the 
corrosion engineer. Methods for measurement and 
for mitigation are subject revision and modifica- 
tion. order supply equipment adequate for this 
work, manufacturers are willing cooperate with 
corrosion workers development new methods 
and new instruments. hoped this article will 
serve introduction the capabilities limi- 
tations the indicating type instruments 
corrosion work. 


Any discussions this article not published above 
will appear the December, 1955 
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Design Against Atmospheric 


HENRY RUDOLF 


people generally think corro- 
terms iron and steel structures rusting 
and corroding fairly even rates across the whole 
the United States. This generality untrue the 
South Carolina, Georgia and Florida 
where metallic structure will often 
150 summer and relative humidities 
percent are frequent and continued. 


rise 
above 

Corr sion rates are accelerated the presence 
such mperatures and relative humidities. 
rise from 150 will increase the rate 
ination iron with oxygen 150 percent. 
relative humidity from percent 
the rate rusting another 150 percent, 
high and high humidity occur together 
itle sea air added with perhaps some chem- 
the destructive effect sometimes can 
enal. 


of con 
Increa 


then 
ical 
pheno: 

One striking example the destructive effect 
the combination high temperature and high hu- 
midity the apparent rapid breakdown good pro- 
tective coatings properly applied and good thick- 
ness. areas rapid coating breakdown will 
found steel where coating has been applied over 
mill scale and almost invariably will found where 
the coating directly exposed sunlight, The high 
temperature differential between noon and night may 
sufficient cause wide variations the expansion 
and contraction characteristics scale and steel. 
scale and steel frequently part company. 
three five mil coating cannot expected have 
the strength resist stresses wind and rain, heat 
and cold while carrying its back dead weight 
disadhered mill scale. Necessarily, the coating breaks, 
corrosive elements attack the structure. The coating 
takes blame for early breakdown. 

This paper concerned with the design steel 
design with little surface exposed corro- 

sion possible. 

design for freedom from corrosion. 
3.To design the original cost and maintenance 
protective coatings minimum. 

This will not attempt rewrite the book 
basic design. will series observations, sug- 
gestions and recommendations based 
experience the Necessarily, while the eco- 
nomic impact the series fields other than de- 
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Abstract 


Specific recommendations for construction me- 
tallic surfaces exposed corrosion are made. The 
author points out total exposed areas may re- 
ducd adopting the proper shapes structural 
members, enclosing with planar plates structures 
including angles and braces. Seal welding recom- 
mended. 

The design engineer warned keep mind 
structures exposed atmosphere ultimately require 
surface preparation and that effort should 
made minimize inaccessible areas, Consideration 
should given the need for ultimate painting 
providing many plane surfaces possible. Weld- 
ing favored over riveting. Specific recommenda- 
tions are made concerning design which offer the 
best possible way minimizing corrosion damage. 


scribed will not heavy, there little question 
but that their use over long period may well 


justified and saving costs effected. 


Decrease Surface Exposed Corrosion 
Decrease surface can accomplished two 
ways: 
Employing shapes equal design characteristics 
but lesser exposed area per foot run. 
corrosive 


Removing surface from 


influence. 


exposure 


One the most common structural combinations 
the back back shape. Angles and channels are 
the most common combinations and they are cheap, 
generally available, easy fabricate and readily re- 
placed when they corrode. The fact that they cor- 
rode readily point corrosion engineer’s inter- 
est. All back-to-back shapes have the same design 
fault from corrosion standpoint, they have foul 
areas which cannot cleaned coated adequately 
and which set corrosion hazards. These foul areas 
are located close between the angles channels, 
where cleaning most difficult and coating almost 
impossible. Note Figures and 

The two most frequently used the back-to-back 
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Foul Area 


Foul Area 


Figure 3—Left: 
Figure left; Figure right. 
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Figure 


shapes, angles and channels can replaced single 
shapes equal better design characteristics, 
“T” can substituted for two angles and “I” can 
substituted for two channels. illustration— 
angles with the following design figures. Two 
angles weigh 9.8 pounds per foot 
run, 5-inch weighs 8.5 lbs. Two 3-inch 
angles have radius gyration direction 
0.93 and the 5-inch about equivalent. The 
total exposed area the two 3-inch angles 
about two square feet per foot run, the 
inch about one and one half. much greater 
importance the fact that the area between the 
backs the angles, percent the total, foul 
area which cannot cleaned coated adequately 
and which source maintenance trouble all its 
life. The the other hand has foul area, 
readily cleaned and coated, does not harbor corrosion 
and presents even less area clean and coat than the 
shape replaces. Tees can cut readily from 
sections and are usually less expensive than rolled 
tees. rule there will not extra expense for the 
“T” since the weight differential about overcomes 
the shape differential. 


Beam Replaces Channels 

used replace two 214-inch back-to-back chan- 
nels. The design characteristics are about equal, the 
two channels weigh lb. against for the WF. 
The total exposed surface the two channels 
slightly over four square feet per foot run, where 
the just over three square feet, percent 
the channels foul area, the has none all. 

comparative newcomer this field substitu- 
tion simple shapes for combination shapes 
the welded hollow tube, sealed both ends, The 
most familiar and striking example this the 
water tower leg made from rolled plate and welded. 
With this substitution surface not only decreased, 
but half the total surface removed from corrosive 
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Rolled plate machine weld. 
Right: Channel plate, lattice bar, open section. 


CORROSION ENGINEERS 
influence altogether. Consider the 
perimeter standard combina. 
tion-of-shapes tower leg made 
two channels, plate riveted the 
channels for third side and the 
fourth side lattice bars 
the channels. 12-inch channels 
have been used the total exposure 
corrosion per foot run such 
column can scarcely less than 
ten square feet. Whereas 12-inch 
diameter pipe sealed the ends has total corrosion 
exposed area three square feet per foot run, 
the combination shape took three gallons paint 
for any unit, the hollow column would take less than 
one gallon for the same unit, Note Figure 


Reducing Corrodible Surfaces 
illustrative example removing surface from 
corrosive influence while adding both surface and 
strength can the following. Take the case 


small knee braced platform fastened column, 


used perhaps motor base, shaft bearing pillow, 


simple pipe bearing. angle notched out and 


bent form the top bearing and the actual knee 
brace, two these angles are welded the column, 
plate fastened the tops the angles and the 
used and the platform one foot The 
corrodible surface including the area the column 
between the angles about seven square feet. Now, 
light plate used close the open triangles 
formed the angles and the open rectangle formed 
the diagonals, almost six square feet have been 
added the structure BUT all lines contact are 
continuously welded the inside the box com- 
pletely sealed away from corrosion and the corrodi- 
ble, coatable area left little less than four square 
feet. Note Figure 

Decrease exposed surface active removal 
surface from exposure corrosive influence largely 
done welding. Take the case two structural 
members which bear longitudinally 
throughout their whole length, channel and 
beam for instance. The contact areas are generally 
the foul area category, since the contact 
that cleaning coating not practical, Contact 
often close that oxygen concentration cells are 
set addition more normal rusting forms, the 
total destructive effect may abnormal and one 
shape have replaced far earlier than expected. 
method overcome the corroding difficulty 
place continuous seal weld completely around the 
area contact, effectively sealing away from cor 
rosive influence. Note Figure 


Seal Welding Techniques 
this point necessary define the term seal 
welding since differs from standard forms 
ing and not provided for current handbooks 
welding, although some welding authorities 
should be. The primary purpose seal 
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August, 1955 DESIGN 
rovide metallic seal between two 
surfaces prevent incursion 
gases the secondary pur- 
fastening between two surfaces. 

Standard joint welds have com- 
puted strength based penetra- 
tion, and strength 
materials per unit welding length. 
Seal have much less designed 
strength per unit welding length. 
Standard welds are not rule made continuous 
when they are for the sole purpose fastening. 
More usually the line contact the surfaces 
welded and skipped, welded and 
(Corrosionwise skip welding anathema, 
the contact line draws oxygen and water 
the contacting surfaces they differentially 
expand contract and coating, matter how 
flexible. can stand continual differential movement 
two surfaces, thus air and moisture can enter the 
contact line and corrosion increased ma- 
terially these points. notable example this 
the edge the stiffener angles usually welded 
the top the cylinder open roof tank. 
matter how much painting done the rust stains 
continue the lower open edge.) From the stand- 
point dollars and cents standard joint welds can- 
not made continuous for the sole purpose seal- 
ing area volume, however seal welds which 
use less material and less time per unit weld 
length can economical. 


any member primary importance struc- 
ture where designed weld strength vital and skip 
welding the accepted method fastening, the 
author suggests the standard practice skip welding 
plus seal welding between the skips, offsetting the 
increased cost the overall welding the decreased 
cost corrosion the areas thus sealed away. 


Undesirable Stresses Avoided 


There one advantage seal welding over stand- 
ard joint welding which true with lighter section 
secondary steel. Standard welding penetration 
inclined warp lighter members during cooling, 
secondary corrosion probability set due the 
crystal changes the metal which may vary local 
potentials sufficiently set anodic-cathodic areas. 
Seal welding with shallower penetration using lighter 
moving greater welding speeds does not dis- 
turb the metal deeply, scarcely ever warps and 
lessens the tendency toward secondary corrosion. 


method saving fouled structures already 
place blast out the majority corrosion prod- 
ucts, seal the volume between the members with 
straps top and bottom, weld sealed into position, not 
forgetting seal the end the hollow box thus 
formed. Once the box sealed corrosion will stifle 
itself comparatively short time. Note Figures and 


Water tower legs into hollow box legs take off 
the lattice bars, blast out the worst corrosion 
Products and seal weld light plate the lattice side 


Figure 


AGAINST ATMOSPHERIC CORROSION 


Figure left; Figure right. 


Figure 


the two channels, taking care also seal weld 
the bottom the hollow column thus formed. 
The surface now necessary maintain roughly 
half what was before, only half the amount 
coating necessary since half the total corroding 
surface has been sealed off. 


Freedom from Initial Corrosion 


Corrosion often starts structural steel before 
has been delivered site, long before erection. Cor- 
rosion centers will found the vicinity sheared 
edges, reamed punched holes, partially deformed 
areas from which mill scale has been popped and 
join lines riveted members. While these centers 
are definite, does not mean that the structure 
later fails from corrosion will fail from corrosion 
started these centers. may mean only that these 
preliminary oxidation points have taken protec- 
tive coat oxide which will effectively prevent the 
inroads further corrosion, 

The designer’s desire design that without 
protective coatings early corrosion will prevented. 
The cardinal principle here smooth flow surface. 
Traps, pockets, sharp edges and acute angles are 
avoided where possible. The very wide use 
welding instead riveting great help because 
permits the use rounded instead square cor- 
ners, sealed joints instead open ones. Any rivet 
exposed dust and dampness when joining two 
members invitation concentration cell corro- 
sion. The presence even small bit mill scale 
contact with the rivet invites galvanic corrosion. 
Any two bodies different section thickness will 
expand and contract different rates. the bodies 
are riveted together the differential expansion pro- 
duces sort breathing which brings fresh oxygen 
and/or moisture the contacting surfaces and corro- 
sion cells are set up. the bodies are seal welded 
together, breathing cannot take place and corrosion 
between the surfaces avoided. 


Examples Improving Smooth Flow 


few random examples welding improve 
smooth flow, and avoid crevice corrosion follow: 
When angle welded plate all contacting 

edges should seal welded. 
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When bent plate instead angle welded 
plate, the entire line contact should welded 
all edges. 

When plate welded plate right angles, 
continuous welds both sides the plate should 
made. 

Lap welded plates should welded solid both 
open seams. 

Strap welded plates, whether double single should 
welded all four open seams. Note Figure 

When curved plate welded flat plate 
tangent, the weld should made three sides 
solid and the fourth side triangular filler 
should welded seal off the entire contact. 


Low Cost Maintenance 


Designing decrease the cost protective coat- 
ings and their maintenance largely matter 
combining the two previously mentioned design prin- 
ciples. Necessarily there are some aids the painter 
advantage which should taken the designer. 
The painter wants several things aid him sup- 
plying good coating designed thickness, with 
complete continuity coat, excellent adhesion, 
low cost. First, wants low cost surface cleaning, 
whether sandblasting, power brushing other 
physical form. Then wants nearly continuous 
plane surface can get which apply his 
coating. Finally, wants his surface 
All structural designers should keep mind that 
some future time the structure they are designing 
might have sandblasted. Some elements de- 
sign not lend themselves clearing out cor- 
rosion products, matter what the means employed. 
For instance, practically impossible clear the 
products corrosion from beneath rivet head, 
unless corrosion has proceeded stage where the 
contact area the rivet head wholly rusty, then 
the rivet head does not bear and the fastening lost. 
better seal weld the rivet all around than 
attempt blast out rust corrosion has proceeded 
advanced stage. Seal welding may quite suc- 
cessfully stifle the corrosion process and leave the 
rivet effective fastening. 

The contact area plates joined riveting 
about the same category the rivet head, sandblast- 
ing ineffective, corrosion products are left place 
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and unless the rusting stifled seal welding, 
will ultimately build sufficient volume break 
through coating. 

Proper sandblasting erected structure 
considerable undertaking, even 
structure, There will sharp cul-de-sac angles 
which impossible get fair angle sand 
impingment and the surface will look clean from one 
line sight and dirty from another 180 degrees 
away. This caused the sand impingment only 
one side pores and pits the steel. Areas this 
type will show early coating failure due simple 
improper cleaning which the painter cannot avoid, 
The designer should consciously attempt get con- 
tinuous plane surfaces without sharp breaks. may 
use weld filling, filleting, edge grinding dei 
shapes. Welds should all cases 
some degree, needles and spatter should 
ground off. 


Drainage Important 


One further point should noted the part the 
designer, this the matter drainage moisture 
from every part the structure. Angular 
shapes usually provides some sort haven for 
moisture which cannot drain away but has cvapo- 
rate place. Angle, channel “I” beam should 
never placed leave sort vessel retain 
moisture. Either the position the shape should 
changed drain holes cut provide rapid move- 
ment moisture downward away from the piece. 
With good drainage all members structure, 
one the strongest measures corrosion mitigation 
has been taken. 

One further suggestion the in- 
stallation which provides circular instead square 
characteristics either element the whole 
structure works these economic aids. Less 
means less total surface, less supply, less cor- 
rode, less clean, less coat. The circular shape 
tends provide better continuity surface, better 
able hold and maintain even coating thickness, 
better able resist corrosive factors, better able 
cleaned. 

Finally, the designer could engrave his struc- 
ture and the mind the owner the words “Keep 
clean,” would have done more mitigate cor- 
rosion than all the design changes 


Any discussions this article not published above 
will appear the December, 1955 issue. 
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Stress Corrosion Cracking 


Introduction 

less steels, like other hard steels may suscepti- 
ble cracking when acid pickled. Such cracking, 
which occurs under the combined action locked-in 
quenching stresses and corrosion well known and 
usually been attributed hydrogen embrittle- 
ment, recently reports failures these steels 
normal service environments have been rare, al- 
though they have been employed large tonnages 
many applications. 

The disclosed only few references 
cracking martensitic stainless steels 
corrosive environments. and both 
report spontaneous cracking Zeppelin structural 
members hardened and cold formed from .20% 

13.0% strip exposed sea water salt spray. 

noteworthy that the alloy was used successfully 

the British R-101 airship tubular members pro- 
duced with minimum internal stress cold forming 
annealed strip, then hardening and stress-relieving. 

Uhlig? conducted laboratory tests hardened and 

severely cold drawn 12% Cr-1% wire which 

cracked under stress salt water very rapidly when 
coupled aluminum charged with hydrogen 
cathodically. 


1952 several technical papers were presented relating 
laboratory and field testing high-strength alloys 
under conditions comparable those sour gas 
condensate wells. Such wells produce hydrogen sul- 
fide and carbon dioxides high pressures and brittle 
failures tubing occurred several instances, 
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number high-strength steels were found suscepti- 


ble cracking under static stress when exposed 
acidic solutions containing hydrogen sulfide, includ- 
ing the percent chromium stainless steel, Type 410. 

1953 gas turbine manufacturer 
cracking hardened and tempered percent chro- 
mium (Type 403) compressor blading. Moisture 
condensed the cooler end the compressor was 
suspected. Accelerated laboratory tests severe 
medium hydrochloric acid containing selenium 
oxide, promote embrittlement, produced cracking 
similar nature when samples were externally 
tension stressed 100,000 psi and their hardness was 
the order Rockwell C30 above. 

Other cases stress corrosion cracking harden- 
able grades subsequently were brought Armco 
laboratories’ attention, Roller chain side bars 
hardened percent chromium (Type 410) were 
found crack when exposed percent salt spray. 
was reported also that hardened 13% chromium- 
30% carbon (Type 420) drive screws used attach 
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BLOOM—Research Metallurgist with the 
Baltimore Section the Armco Research 
Laboratories, has been engaged the study 
problems relating the heat treatment, 
welding, fabrication and corrosion resistance 
stainless steels. has been active many 
committees and groups dealing with specifica- 
tions for these steels and has been the author 
co-author several technical papers relat- 
ing their mechanical properties and corrosion 
resistance. After graduation from George 
Washington University 1935 joined the 
Rustless and Steel Corporation, now the 
Baltimore Works Armco Steel Corporation, 
which devoted exclusively the manufacture 
stainless steels. 


Abstract 


Hardenable stainless steels, like other high-strength 
steels, are susceptible cracking under the combined 
influence tensile stress and corrosion, depending 
the severity the stress, the nature the media 
and large extent, their hardness. The most 
severe conditions are acid solutions containing sul- 
fides, which promote entry hydrogen into the 
steel and where chlorides are present promote 
pitting. such media cracking may occur the 
standard grades under stress hardnesses Rock- 
well C24, severe marine atmospheres C40 and 
industrial atmospheres C45. Type 422, modi- 
fied percent chromium alloy, tempered 1200 
Rockwell C30 and 
alloys, 17-4 and 17-7 PH, overaged the same 
hardness level were the most resistant materials 
tested. 

Types 410, 416 and 431 performed well 
somewhat better than low alloy steels when heat 
treated equivalent hardness levels. Tempering 
them 1100 higher temperatures provided 
good resistance cracking the severest media. 

Internal stresses generated during quenching can 
promote stress corrosion cracking without imposing 
additional external stresses. Interrupted quenching 
from this source and recommended heat treat- 
ing practice for valve trim and other parts used fully 
hardened service likely cause corrosion cracking. 


aluminum roofing had cracked rapidly 
Lincoln’ stated technical paper that hardened 
Type 420 would crack the atmosphere and Type 
410 percent salt solutions. 


investigation was begun 1952 explore the 
effect heat treatment the susceptibility Type 
410 cracking hydrogen-sulfide solutions. 
other reports stress corrosion cracking were re- 
ceived the project was expanded include number 
corrosive media and variety hardenable stain- 


Materials, Media and Test Procedure 
For comparison the important standard hardenable 
grades stainless steel, Types 410, 416, and 
440C were selected. These provided wide range 
quenched hardness. modified percent chromium 
alloy containing molybdenum and tungsten, Type 
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Figure 1—Method exposing horseshoe type samples laboratory 
test media. 


Figure 2—Method exposing horseshoe type samples atmosphere. 


422 also was included since was reported more 
resistant The new 17-4 and 17-7 
precipitation-hardening type alloys used 
strength materials aircraft and similar applications 
were examined also, 

determine whether high-strength austenitic 
alloys were similarly susceptible cracking, tests 
were performed 17-10 nonmagnetic austenitic 
alloy hardened precipitation 
Types 304 and 305 were tested the form wire 
cold drawn high tensile strength, one being mag- 
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O5% ACETIC ACID 
6% SODIUM CHLORIDE 
SATURATED WITH 
HYDROGEN SULFIDE 
FRACTURED 3 HRS 


20% SALT FOG 
FRACTURED 6 DAYS 


Bi 


TIMO WORKS 
LABORATORY ROOF 


RTH CAROLINA 
a 23 DAYS FRACTURED 48 DAYS 


Figure 3—Typical broken horseshoe type samples Type 420 steel. 


netic the result cold work and the other non- 
magnetic because the higher nickel content. 

Finally, secure some comparison with low alloy 
steels heat treated samples SAE 4130 and 4340 
were tested several environments. Low alloy, 
N80 and percent steels were kindly furnished 
the form tubing the Shell Development 
Company and were tested the hydrogen-sulfide 
containing solutions, These latter steels had been ex- 
tensively studied others and were known vary 
considerably susceptibility failure sour con- 
densate well service, 

The chemical analysis all materials shown 
Table 

The environments selected for testing were chosen 
the basis previous investigations others. 
Laboratory tests were conducted most the ma- 
terials solution distilled water containing 
percent acetic acid(HAc) periodically saturated with 
hydrogen sulfide. The same solution also was used 
containing addition, percent sodium chloride. 
These media were originated the Shell Develop- 
ment Company and simulated conditions 
cracking sour gas condensate wells. Laboratory 
tests percent salt fog and aqueous per 
cent sodium chloride solution were based the 
work Ffield and Uhlig. 


addition, most the materials were exposed 
two types atmospheres. Samples were 
the International Nickel Company’s Harbor |sland 
Experimental Station, North Carolina open 
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cation about 200 feet from Wrightsville Sound 
relatively severe marine atmosphere. second group 
was placed open location the laboratory roof 
Baltimore subject fumes from the plant and 
chemical laboratory hoods, severe industrial atmos- 


here. 
methods testing were adopted. most 
cases simple horseshoe-shaped sample was used, 
formed from annealed wire 14-inch diameter, heat 
treated, descaled without contacting acids 
ished. samples were loaded nominal outer 
fibre stress 100,000 psi pulling the legs the 
horseshoe together with Type 316 wire clamp. The 
method exposing them the laboratory and 
the atmosphere shown Figures and Figure 
shows ‘he appearance typical failed samples. 
The choice 100,000 psi stress was more less 
The work and others 
had that this stress was quite sufficient pro- 
duce cking their alloys which they investigated 
and cov'd considered high level stress any 
service. samples this type were tested 
and the time failure recorded days 
because often the exact time fracture could not 
conveniently. 


The second method provided precise means 
applying known tension stress the sample. Six 
special inachines were constructed, patterned after 
equipment used for high-temperature creep and rup- 
ture testing. Tensile type specimens were dead- 
weight loaded levers. The specimens were sur- 
rounded cans containing the corrosive media. 
Time failure was automatically clocked the 
nearest tenth hour. The machines and method 
stressing the samples are shown Figures and 
and typical fractured samples, Figure 


NEOPRENE 
RUBBER 
TEST SOLUTION 
CONTAINER 


TEST SPECIMEN 


SHUT OFF 
SWITCH 


All samples were prepared from centerless ground 
wire free from Hardening and tem- 
pering were done electric muffle furnaces air. 
Initially, samples were quenched from the hardening 
temperature oil room temperature. Later was 
found desirable martemper quenching into 
molten salt 600 holding minutes and air cool- 
ing minimize internal stresses. 


Afterwards the horseshoe samples were descaled 


SAE 


assium permanganate solution, polished 
ma- Figure 5—Appearance six test units. Five test samples are surrounded 
ightly with 120-grit emery paper and then electro- cans containing corrodent. 
with TABLE 1—Chemical Analyses Materials Used Various Tests 
Heat Test Data 
sing 
tory 
per- 
the 
d to 4 30. : 


LooR —— = = 
tension test machines showing method 
loading. 
353t 


Figure typical direct tension test specimens fractured 

acetic acid plus hydrogen sulfide. Type 410 not tested. 

Type 410 fractured 152.9 hours 90,000 psi. 4340 fractured 

two hours 100,000 psi. fractured 11.3 hours 70,000 
psi. 17-4 not fractured 1006.8 hours 100,000 psi. 


polished. Early specimens then were further polished 
mechanical buffing remove any possible stress 
raisers from the surface but this final buffing did not 
seem improve the reproducibility test results 
and was abandoned. 

Tensile specimens were descaled above but were 
not electropolished .The reduced section the cen- 


TABLE 2——Comparison Various Grades Different Media 
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Discussion Results 


Horseshoe Tests Comparing Various Grades and 


Media. 


Table lists the results tests horseshoe type, 
fixed deflection samples from variety grades inj- 
tially stressed 100,000 psi and exposed the 


lowing six media room tem 


hours 

HAc solution—62 days 

salt fog—1000 hours 


.6% salt solution—1000 


550 days 
Industrial atmosphere 
more, Md.—580 days 


Except for the SAE steels, none the in- 
cluded this series tests was 
quenching was done oil room temperatures, 
was observed subsequently that internal set 
this operation were high enough cause 
ing the acetic acid-hydrogen sulfide-sodium chlo- 
ride media without the presence additional exter- 
nal stress. all further work quenching stresses 
were minimized martempering, that is, quench- 
ing into molten salt near the tem- 


Horseshoe type samples, stressed 100,000 psi, tested triplicate 


perature: 


urs 


ter was polished hand 000-emery finish. 


Marine atmosphere—Harbor Island, 


Laboratory roof, Balti- 


Legend—X—Sample fractured spontaneously. C—Sample cracked but did not fracture. OK—Sample did not crack fracture. Numbers following 
symbols show range time failure for three samples. 


63373 
22944 
17-10P 


32699 


Cold Drawn 56% 


C42—42 


550 
300 
300 


MEDIA 
ATMOSPHERE 
20% Salt Fog Salt Sol. Isl. Lab. Roof 
Grade No. | Degrees F Hardness Hours Days Days Days | Days Days 
17-7PH Ann. + | 20K 240 
17-4PH Ann. 900-air 20K 
17-7PH 32680 Ann. C41—43 30K 30K 30K 550 30K 580 
1400-air + 1050-air 
1200-air 504 


30K 300 


Cold Drawn 56% C34—34 

504 

900-air 

1100-air 

1500 C36—36 

900-air 
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perature, then air cooling. this series the quench- 
hardened stainless steels, therefore, were exposed 


CRACKING STAINLESS STEELS 


type Although every steel tested cracked least one 
the media, there were appreciable differences 
the various grades. Hardness bore some but not 
Media No. suggested the Shell Development 
was the most severe and even caused crack- 416 
ing the cold worked austenitic alloys. Shell’s me- “50 410,416,431 
dium No. also was very severe and cracked all hard 
steels except the austenitic grades. Since 
. . . 
gave spread failure times between the dif- 
ferent and was more discriminating this 
was used most often the later work. Both 
media cracking stressed stainless steels 
alloy SAE 4130 steel C27. Standard salt 
when their hardness was about C45 higher. the Figure 7—Relation between hardness and time failure HAc 
set plus hydrogen sulfide solution. 
marine the hardness level which crack- 
ing occurred was somewhere between Rockwell C40 
and 45, depending the grade steel and between 
The highly hardenable grades, Types 440C, 440A, 
tem- maximum were Legend—X—Sample fractured spontaneously. C—Sample cracked but 
cracking all six environments. Over- did not fracture. OK—Sample did not crack fracture. 
aging 17-7 1050 resulted marked im- Preliminary annealed 1900 Aged shown 
provement. 17-4 aged 900 its peak hard- Heat No. Cr—16.32 Ni—4.62 Cu—3.12 
ness was less susceptible than 17-7 PH. was im- 
431 and SAE 4130 and 4340 cracked only the sev ere 240 
either atmosphere. The cold drawn austenitic Types 900 C41—43 21-23 30K 240 
00! 20K 5 
tured this medium but its performance was gen- 30K 30K 30K 240 
240 
369 
580 
240 TABLE 
580 Effect Varying Tempering Temperature Types 410, 416, and 431 
Horseshoe type samples, stressed 100,000 psi, tested triplicate 
580 Legend—X—Sample fractured spontaneously. cracked but did not Tests Comparing 
Sample did not crack fracture. Tempering Aging Temperature 
All samples hardened 1800 F—20 min.—quenched salt 600 F—held minutes—air cooled 
followed tempering for hours and air cooling shown below. and Hardness Types 410, 416, 
580 431, 17-4 and 17-7 PH. 
TYPE 410 TYPE 416 TYPE 431 
Heat No. 22371 Heat No. 11831 Heat No. 22694 
580 C-.150 Cr-16.18 Ni-1.66 tests horseshoe samples temp- 
_ aoe F | Hardness Days Hardness Days Hardness Days tures. Types 410, 416 and 431 were 
<0) ‘91-95 42 98-96 < < 25- 5 d Sland 
roof. 
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the case the quench-hardenable grades, sam- 
ples tempered 1050 and above did not crack 
within test period 1000 hours. Tempered below 
this level, all samples ruptured and the time fail- 
ure showed clear relation tempering tempera- 
ture. Figure shows the effect hardness time 
failure and the sharp improvement when the hard- 
ness the three grades fell below Rockwell C25. 

Aged 1000 1100 17-4 did not crack 
any the three exposures and has not cracked 
the severe industrial atmosphere even when aged 
its maximum hardness. When aged 1200 this 
alloy did not break under stress acetic acid-hydro- 
gen sulfide but did develop numerous fine cracks. 
This treatment slightly above the critical tempera- 
ture for this grade and cannot properly regarded 
overaging. 17-7 did not crack any exposure 
when underaged 850 when overaged 1100 


TABLE Varying Aging Treatments 17-7 
Horseshoe type samples, stressed 100,000 psi, tested triplicate 


Legend—X—Sample fractured spontaneously. C—Sample cracked but 
did not fracture. OK—Sample did not crack fracture. 
Preliminary Treatment—Mill annealed 1900 1400 


Harbor 
Island 


240 Days 
30K 240 
3X 21-120 


Lab. Roof 
230 Days 


Aging 
Temp. 
Degrees F 


14%HAc+He2S 
42 Days 


Rockwell 
Hardness 


ENGINEERS 
has not cracked over year and half either 
Harbor Island the laboratory roof, despite its 
high level hardness. 


Direct Tension Various Grades and 

Varying Stress Level 
The data obtained far are Table This study 
was primarily compare stainless steels with other 
materials used sour gas condensate well service, 
attempt has been made find the maximum 
ful hardness and stress level for Type 410. Since the 
overaged precipitation-hardening alloys 
ise the horseshoe tests, they also were investi- 
gated. Tests were conducted the modified 
alloy containing small amounts nickel, 
num, tungsten and vanadium (Type 422) since was 
type cracking, 

All samples the quench-hardened grades were 
martempered minimize internal quenching 

While the data are not complete, enough have 
been obtained provide comparison the 


TABLE 


Approximate 
Lowest Stress at which 
2 out of 3 did not Fail 
Time to Fracture 
at 100,000 psi 
Hours 


Rockwell 
Hardness 


C30 
C25 
B93 
C32 


C40 2- 98- 136 
C32 115-123-126 
C30 | 364-1024*-1554* 


in Percent of 
Grade Yid. Str. 
N80 

J55 

4340 


410 
410 
422 
17-4 


In Actual psi 


C32 


17-7 C31 


* Sample did not fail and test stopped at indicated time. 


TABLE Tension Test 


Effect Varying Stress Level Various Grades 
Specimens loaded tension, exposed HAc saturated with H.S 


Treatment | Rockwell 


Degrees F 


1800 
+600—4 hrs.—air 


Others 


Mo-.50 C40 


1800 +600-air 
+1010—4 hrs.—air 


1875 +600-air + 
1200-9 hrs.~air 


1900 
1150-4 hrs.~air 


17-4PH 


Ult. Tens. 
Str. 
Hardness 


197,700 


146,800 


149,000 


148,600 


STRESS CORROSION TEST 


Applied 
Stress 


MECHANICAL PROPERTIES 


Elon. 
Str. 4xd 
psi Percent psi 


| ¢ 2 43- 18 
23- 69- 136 
97— 220- 1500* 
1500*—1459* 
868— 1081 *-1294* 


Red. 
Area 
Percent 


Time to Failure 


psi Hours 


98-— 136 


137,000 123- 126 


14- 49 
364 —1554*-1024* 
1510* 
106 -1050* 
556 


128,500 


139,000 


17-7PH 32680 
1400 +60 +1150- 


4 hrs.~air 


148,000 111,500 


46s 


J55 Tube As rec'd. 


Ns0 As rec'd. 


9%Ni Tube As rec'd. 


1500 +350-air + 
1075-1 


.22 


4340 Bar 1.06 


* Sample did not fail and test stopped at indicated time. 
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149,300 


107,200 57,800 


330 


108,300 81,900 
126° *_1073* 


— 


138,200 
50,000 2\-57 


—— 


156,700 2-13 
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and indicate the effect stress level. The data 
Table are from Table compare several steels 
the basis time fracture fixed stress level 
100,000 psi. Where possible, attempt has been 
made indicate the effect stress level each 
grade showing the lowest stress which two out 
three test samples did not fracture 1000 hours 
more. This figure approximate but shows some 
striking differences the various alloys. 

The direct tension test produced failures shorter 
times and lower hardness levels than the horse- 
shoe test. This difference has been observed often, 
past stress corrosion cracking tests compar- 
ing fixed load and fixed deflection stressing. the 
latter, horseshoe type test, the first appearance 
crack the specimen tends lower the overall 
stress lessens the severity the test, while the 
reverse true the direct tension test. 

The percent steel sample failed extremely 
rapidly 100,000 psi and even cracked quickly 
loads less than percent the yield Oth- 
ers have found this alloy very susceptible failure 
acidic hydrogen sulfide. N80, J55 and 4340 steels 
also failed rapidly 100,000 psi but were appreciably 
better than percent the 50,000 psi stress level. 
The alloy relatively soft material but cracked 
when siressed within percent its yield strength. 

Type 410 cracked relatively low stress levels 
(about percent its yield strength) when hard- 
ened Rockwell C40. Tempered lower hardness 
levels, was significantly improved. hardness 
C32 appeared slightly better than N80 4340. 
Past reports* have suggested that this alloy un- 
usually susceptible material but this not borne out 
the comparison made with other steels heat 
treated the same hardness. 

Armco 17-4 PH, 17-7 and Type 422, each 
treated Rockwell C30 slightly higher, have been 
more resistant cracking than the other materials 
and appear able resist cracking stress levels 
approaching 90,000 psi, about percent 
their yield strength. 

Ability these alloys resist cracking higher 
hardness levels than other hardenable steels may 
attributed the fact that their strength derived 
precipitation processes. They may tempered 
much higher temperatures than the other alloys with- 
out losing hardness. Susceptibility corrosion crack- 
ing hardenable alloys seems associated with 
fully martensitic structures. When these are 
ciently tempered ferrite and carbide structures 
crack susceptibility diminished. 
noteworthy that the ferritic stain- 
less steels have several times been 
immune stress corrosion 
cracking media which will readily 
austenitic stainless steels. Tem- 
pering high temperatures also has 
the relaxing internal 
has been that even 
low steels require heating 
1000 relax internal stresses 


less than percent their initial 
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Figure 8—Type 410 hardened from 1800 quenched oil room 
temperature and tempered 600 Cracked from internal quenching 
stresses when exposed HAc—6% solution. 


has been that the extreme suscepti- 
bility the percent steels cracking, even after 
tempering moderate hardness levels due the 
tendency this alloy retain networks untem- 
pered martensite. 


Effect Internal Quenching Stresses 

Early tests showed that specimens, oil quenched 
from the hardening temperature would crack the 
acetic acid-hydrogen sulfide-sodium chloride media 
even though not externally stressed. Cracking this 
type the result internal quenching stresses 
probably significant most applications crack- 
ing under external series tests was con- 
ducted compare the susceptibility several grades 
stress corrosion cracking from quenching strains 
alone and briefly explore the possibilities miti- 
gating them martempering. One set cylindrical 
samples was hardened quenching directly into 
oil bath room temperature. second set was mar- 
tempered quenching from the hardening temper- 
ature into salt bath 600 holding for twenty 


TABLE 


Hardening 
Temp. | 
Degrees F | 


42-43 


After 

Rockwell xposure to 
Hardness |'2%HAc-6%NaCl- 

Quench Cc H2S 


Cracked 


Salt—-600 F 43-43 
Oil—R.T. 43-44 
Salt—600 F | 43-44 
Oil—R.T. | 50-51 
Salt—600 F | 48-48 


1800 
1800 
1900 
1900 


Cracked 
OK 


Cracked 
OK 


Was 
hav 
4 
il 
q 
rEST 
Sample 
Size, 
20x2 
q 
| - 
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Type 440C horseshoe sample exposed 
Harbor Island. 


Type 410 tension test fractured 12% 
HAc plus 
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Type 420 horseshoe sample fractured 


Figure 9—Surface appearance various test samples showing cracks developing from corrosion pits. 


Type 410—Normal tensile 
fracture. 


Type 410—Stress corrosion 
fracture. hr., 100,000 psi. 


SAE 4340—Stress corrosion 
fracture. hr., 100,000 psi. 


17-4 PH—Stress corrosion 
fracture. 556 hr., 100,000 psi. 


Figure 10—Appearance fractured ends tensile type samples. Sample was broken tensile machine and represents normal cup and cone 
fracture where corrosion cracking present. Samples and are stress corrosion failures Arrows indicate point 


surface where initial pit occurred. All photographs 10. 


minutes, then cooling air room temperature. 
Both were then stress-relieved 600 for four 
hours. After careful descaling non-acid media they 
were exposed the severe acetic acid-6% so- 
dium chloride solution saturated with hydrogen sul- 
fide for seven ten days and examined. Figure 
illustrates the appearance cracks developed this 
test. The results these tests are summarized 
Table 

This particular series showed clearly the benefit 
martempering. The lesser susceptibility Type 
440A corrosion cracking when quenched oil 
room temperature Earlier work has 
shown that the very high-carbon grades are less 
likely either quench crack crack acid pick- 
ling than the medium-carbon grades. This may 
due larger amounts retained austenite the 
hardened material but further work would re- 
quired verify this. The observation may have prac- 
tical significance applications such valve seats 
and balls for use sour oil service where the poten- 
tiality stress corrosion cracking exists and where 


quenching the source stress. 


few tests were conducted determine how high 
tempering temperature was required relieve 
quenching stresses enough avoid cracking. Types 
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410 and 431 samples diameter inches 
were quenched from 1800 into oil room temper- 
ature, then drawn various temperatures from 600 
1200 After descaling non-acid media they 
were exposed for ten days room temperature 
14% acetic acid-6% sodium chloride solution 
rated with The results are summarized Table 

Cracking Type 410 was prevented temper- 
ing 1050 and above, while Type 431 tempering 
950 was adequate. This variation probably due 
differences the initial level quenching stress 
and perhaps the presence retained austenite 
which larger Type 431, The General Electric 
Company has reported that stress-relieving Type 410 
950 was adequate prevent cracking com- 
pressor blading tested their hydrochloric 
selenium oxide media. 

seems likely that the maximum safe 
temperature avoid stress corrosion cracking 
Type 410 will depend the severity the 
and the nature the corroding media. For most 
severe conditions, tempering should carried 
1050 higher unless steps such 
are employed minimize quenching stresses. 


Appearance Stress Corrosion Cracks 
While this investigation was 
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STRESS CORROSION CRACKING STAINLESS STEELS 


cracked Harbor Island. 120 
devs, 100,000 psi. 


Type 431 cracked HAc—H.S. 
days, 100,000 psi. 


Type 420 charged with hydrogen ca- 
thodically. hours, 100,000 psi. 


Figure fractured ends horseshoe type samples. Samples and failed stress corrosion cracking. Arrows indicate location 
the initial pit. Sample was fractured charging with Magnification all photographs slightly less than 10. 


with the effects composition and heat 
susceptibility cracking, several ob- 
interest were made the mechanism 
the cracking and spontaneous failure 
the stainless grades. The fractured sam- 
ples were examined under binocular microscopes 
magnifications. number cracked sam- 
ples were sectioned and examined high magnifi- 
cation establish the course cracks through the 
grain structure. 

Figure and illustrate one point interest, 
namely, that the cracks many cases and perhaps 
all instances, initiate from pits. all test media 
and when specimens could found which, addi- 
tion the main fracture, possessed other finer cracks, 
these could generally associated with tiny cor- 
rosion pit. They were sometimes difficult identify 
because the pit was not much wider than the crack. 

Examination the ends fractured samples 
both horseshoe and tension samples indicated that 
after the pit formed crack spread out from fan- 
wise through the sample until the cross-section was 
substantially reduced, which point then frac- 
tured abruptly. the tension samples the semicircu- 
lar area surrounding the initial pit was flat, granular, 
brittle appearance and right angles the sur- 
some instances was stained with what ap- 
peared corrosion product. The balance the 
area was smoother, usually occurring about 
degrees the surface, similar appearance 
the cone section normal tension fracture and 
evidence some ductility slight necking- 
down the sample where this portion the crack 
met the surface. (See Figure 9b.) Typical examples 
fractured tensile type samples are shown Fig- 

the horseshoe sample similar situation oc- 
curred except that the corrosion crack initiating 
would progress most cases almost across the 
cross-section the sample before finally 


Figure and are good examples 
1s, 


Figure illustrates the appearance the frac- 
tured end Type 420 horseshoe specimen, hard- 
ened and tempered 600 which was stressed 
100,000 psi. was charged cathodically 0.04 
amperes/square inch with hydrogen from solution 
percent sodium hydroxide and fractured after 
two hours. There was evidence any corrosion 
the sample. 

The rough textured crescent-shaped area the top 
the specimen Figure represents initial 
crack which developed under the combined action 
stress and hydrogen cathodically introduced into 
the sample. The smoother, brighter area under was 
formed when the sample fractured spontaneously. 
The rough surface the original crack very sim- 
ilar appearance the stress corrosion cracked 
areas Figure lla and and offers support the 
theory that hydrogen factor the development 
stress corrosion cracks hardened steels. 

Attempts determine whether the stress corro- 
sion cracks were intergranular transgranular were 
handicapped the difficulty etching the samples 
manner that would clearly delineate the grain 
boundaries. Two typical photomicrographs are shown 
Figure and was concluded from examina- 
tion these and many other samples that cracking 
was both through and around the grains but was 
predominantly transgranular. The cracks were 
markedly different appearance from stress corro- 
sion cracks austenitic stainless steels that they 
showed less branching can seen comparison 
with Figure This latter shows the appearance 
the cracks that developed the austenitic Armco 
17-10 alloy exposed the acetic acid-6% 
NaCl-hydrogen sulfide solution. 

The mechanism stress corrosion cracking 
hardenable steels has been the subject consider- 
able speculation. Some investigators have suggested 
that the cracks are caused solely internal hydro- 
gen stressing from atomic hydrogen diffusing into 
the metal during corrosion, precipitating internal 
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Type 416. 1800-+ 600 Cracked 12% 
100,000 psi. Etchant, 50% nitric acid—electrolytic. 


17-4 PH. Ann. 900 Cracked HAc days, 100,000 
psi. Etchant, hydrochloric—picric acids. 500. 


hours, 100,000 psi. Etchant, 10% sodium cyanide—electrolytic. 100. 


Type 410. Cracked cathodicaly 10% sodium 
hydroxide 0.04 amperes. sq. in. hours, 100,000 psi. Etchant, 
250. 


Figure various grades showing appearance 
stress corrosion cracks. 
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lattice dislocations and developing sufficient pressure 
exceed the rupture strength the metal. Others 
have suggested that cracks are produced the 
mechanism proposed Mears, Brown and 
which attributes their formation the presence 
preferred localized paths for corrosion, tensile stresses 
which keep these initial cracks open and 
ical action between anodic metal the crack bottom 
and the balance the material, which accelerates 
corrosion. Fraser and Treseder® have proposed com- 
bined mechanism which involves normal stress cor- 
rosion accelerated hydrogen precipitated 
formed metal just ahead the crack. 


Observations the Armco Laboratories are best 
explained the latter viewpoint. The apparent 
origin the cracks from pits suggests that the ini- 
tiation the crack through normal corrosion 
mechanism, The fan-like spread the cracks from 
the pit locus might attributed hydrogen em- 
brittlement the surrounding metal. The 
corrosion products the crack surface, 
suggests that corrosion continues beyond the 
the other hand, the fact that Type 420 samples could 
cracked under stress cathodically introduced 
hydrogen the complete absence corrosion shows 
that hydrogen itself can promote cracking very 
similar appearance stress corrosion cracks. Fig- 
ure shows that cracking from hydrogen 
predominantly transgranular and proceeds through 
the structure manner identical with stress cor- 
rosion cracking. 


Summary 


Martensitic hardenable stainless steels are suscep- 
tible cracking under the combined influence 
corrosion and tension stress either externally ap- 
plied present internal residual stresses from 
quenching. Such cracking apparently 
all high-strength hardened alloys. The likelihood 
cracking dependent the kind corrosive 
medium, the hardness the material, heat treat- 
ment, the level applied stress and the type 
alloy. 

The most severe media appear those which 
promote hydrogen embrittlement, such 
sulfide solutions and which contain chlorides that 
promote corrosion pitting. the acetic acid-hydro- 
gen sulfide test cracking occurred hardness 
levels low Rockwell C24; severe 
atmospheres C40 and above; and severe 
dustrial atmospheres C45. Salt fog and aqueous 
salt solutions caused cracking Rockwell and 
higher. 

TABLE 


RESULTS OF CRACKING TEST 
TYPE 410 TYPE 431 
Tempering - 


Temp. Rockwell Rockwell 

Degrees F. | Hardness Hardness arance 
C43-43 
C43-43 cracks 
C34-34 
C32-33 
C28-29 
C27-27 
C25-26 
C23-24 


Appearance 


Severe cracks 
Severe cracks 
Moder. cracks 
Few cracks 
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precipitation-hardening alloys, 17-4 and 
17-7 PH, were susceptible stress corrosion crack- 
ing aged their maximum hardness but were 
among the most resistant materials overaged. 
For exposure severe industrial marine atmos- 
pheres under high stresses the usual recommended 
overaging temperature 1050 satisfactory 
provide immunity stress corrosion cracking with 
17-7 PH. For similar exposure 17-4 should 
overaged 950 1000 For service extremely 
severe conditions, such represented the acid- 
hydrogen sulfide test, both alloys look promising 
when overaged 1150 hardness about 
Rockwell Type 422, the modified percent 
chromium alloy, also has shown excellent perform- 
ance similar media when tempered the same 


cold worked austenitic alloys, Types 304 
and cracked only the acid-hydrogen sulfide 
containing sodium chloride. This was also 
17-10 precipitation-hardened Rockwell 
(30. which developed these alloys had 
the transgranular branched appearance and 
the hirdenable steels, No. difference was noted be- 
the Types 304 and 305, although one was 
strongly magnetic after cold work and the other 
was 


stresses generated quench hardening 
can sufficiently high promote stress corrosion 
cracking the hardenable grades. Some limited 
work suggests that interrupted quenching (mar- 
tempering) helpful avoiding this. Tempering 
1000 1050 reduced internal stresses oil 
quenched Type 410 level low enough pre- 
vent cracking the severest media used. 


6.It appears likely that stress corrosion cracking 
hardened stainless steels accelerated hydro- 
gen generated corrosion and absorbed the 
steel. The cracks initiate many instances from 
pits developed the surface the specimen and 
are primarily, but not exclusively, transgranular. 
They are similar appearance those produced 
cathodically introduced hydrogen. 


Conclusions 


Where the hardenable stainless steels, like other 
hardened alloys, are exposed under stress certain 
types corrosive media the possibilities stress 
corrosion cracking must considered, The greatest 
likelihood such cracking acid environments 
containing elements which promote hydrogen em- 
brittlement, such compounds sulfur and sele- 
mum, Cracking induced also the presence 


the very severe used judge the suit- 
ability materials for sour gas condensate well serv- 
ice Types 410, 416 and 431 performed well 
somewhat better than lower alloy steels equal 


hardness levels. These grades should continue 


considered for service where the existence acids 
and dissolved carbon dioxide creates corrosive condi- 
tions too severe for low alloy steels. Tempering 
1100 higher should provide good resistance 
cracking under high stress levels, Where higher 
strength and hardness are required Type 422, 17-4 
PH, and 17-7 should attractive for well head 
fittings, bolts, valves and the like. 

aircraft structures exposed marine atmos- 
pheres Types 410 and 431 well precipitation- 
hardening alloys, particularly the overaged condi- 
tion, look attractive. Both the precipitation-hardening 
alloys have been such service now for several 
years and have never been reported failing from 
stress corrosion cracking. Their use food conveyor 
chains currently being investigated and far the 
results appear very encouraging. 

When the hardenable stainless grades are 
used fully hardened for valve trim and other applica- 
tions where externally applied service stresses are 
low but where corrosive conditions indicate the pos- 
sibility stress corrosion cracking, the use mar- 
tempering procedures minimize heat treating 
stresses should considered. 
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Educational Lecture 


The Electrochemistry Inhibitor Action* 


MEARS* 


Introduction 


HAS NOW BEEN established that aqueous cor- 
rosion electrochemical nature. That is, 

associated with the flow electric currents over 
finite distances. 

The basic driving force for the corrosion reaction 
the reversible potential between the metal and its 
corrosion product. This related the free energy 
formation the corrosion product the follow- 
ing equation: 

Where: 
the free energy formation the 
corrosion product gram calories. 


the reversible potential. 
the number equivalents that react. 


For example, when iron corrodes water the 
presence oxygen 0.21 atmosphere pressure 
form ferric hydroxide according the following 
chemical equation: 


gram calories per gram atom iron 


then 

The reversible potential (E,) the driving force 
for the corrosion reaction. This driving force the 
same for all cases corrosion iron normal 
conditions temperature and pressure, provided 
only that the ultimate corrosion product 

the corrosion circuit steady state conditions, 
any electrical circuit, the driving force 
must equal the dissipative These dissipative 
forces include the drops through the metallic and 
liquid paths and the special irreversible effects ad- 
jacent the electrode surfaces. 

For convenience, these surface irreversible effects 
can grouped together and termed polar- 
Under steady state conditions, may then 
write: 

where 

reversible potential 

anode polarization 

=the cathode polarization 

=the corrosion current multiplied the 
resistance the electrolyte between the anode 
and cathode areas 

=IR’ =the corrosion current multiplied the 


resistance the metallic path between the 
anode and the cathode 


«An educational lecture presented at a meeting of Northeast 
Region, National Association of Corrosion Engineers, New York, 
N. Y., May 9-11, 1955. 

* Manager Applied Research Laboratory, United States Steel Corp., 
Monroeville, Pa, 
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Abstract 


Principles involved the electrochemistry 
hibitor action are discussed. Electrical terms are used 
explain the inhibiting action substances and 
show what properties are desirable 
The mechanism which sodium chromate and 
sodium hexametaphosphate function inhibitors 
discussed detail. 


most corrosion cells, very small can 
neglected. contrast, and especially are 
large that they completely outweigh importance 
under many common conditions Both 
and are complex quantities. Generally they are 
layer the electrode surface and, part, back 
emf caused gas overvoltage conceniration 
polarization. 


Equation then can rewritten follows: 


where 
emf the anode 
=back emf the cathode 
the anode surface 
the cathode surface 
through the electrolyte 


rearranging, Equation becomes 


other words, the corrosion current (1) 
function the reversible potential for the corrosion 
reaction (E,), the back emf’s the local anode and 
cathode (E’, and the resistances the electro- 
lyte and the anode and cathode films (Ra, and 
and nothing else. 


Desirable Inhibitor Properties 


definition, inhibitor substance that re- 
duces the corrosion current, (1). Therefore, the only 
possible desirable properties inhibitor are to: 


Change the nature the corrosion product 
formed (that is, reduce 


Change the back the surfaces the 


Change the resistance the electrolyte, ‘lie 
anode cathode films (that is, increase 
Re). 


other words, “explain” the inhibiting 
any substance, progress made est 
ing that the inhibitor forms film 
position crystal structure. The effect 
hibitor must expressed first electrical ‘erms. 


Augus 


ink 
cell 
pract 
reacti 
tions 
ence 
catho 
small 
poten 
tude 
circul 
curre 
suffic 
the 
losses 
Evi 
local 
cause 


where 
local 
smalle 

Alt 
the o 


faces, 


Thi 


been 
has 
the 
for 
earlie 
quant 
potas: 
The 
Figur 
“open 
anode 
tion 
zation 


3 
4 
q 
j 
% 
4 
3 
he 
RAH 
| 


August, 1955 ELECTROCHEMISTRY INHIBITOR ACTION 


Otherwise, progress understanding the mechanism OOGRAMS 
inhibitor action impossible. 

far, only the theoretical aspects the corrosion 
cell have been considered. Consider now the more 
practical aspects. 

Theoretically, the driving force for the corrosion 
reaction However, under experimental condi- 
tions when attempts are made measure the differ- 
ence potential between local anodes and local 
cathodes corrosion cell “zero” current, 
smaller value (E,) obtained. This “open 
generally much smaller than E,. 
CURRENT MICROAMPERES 


POTENTIAL VOLTS 


POTENTIAL VOLTS 
CATHODIC 


CATHODIC 


The that and not agree magni- 
tude that, under the experimental “open- 1—Efect concentration chromate local cells aluminum 
conditions, small current still flowing percent sodium chloride solution. 
local areas the anode cathode. These 
current- must very small because they are in- 
cause appreciable discrepancy when 
the currents are correlated with corrosion 


can 
tance 
Both 
are 
back 
mentally, therefore, Equation becomes 
where the potential between the 
local anodes and the local cathodes. always Figure sodium hexametaphosphate polarization 
smaller than and usually much smaller. steel electrodes differential aeration cell (from Hatch’s data). 


Although under experimental conditions pos- 
sible measure the drops through surface films 
the anode and cathode, simpler measure 
the overall irreversible effects the electrode sur- microamps 


faces, that is, measure and E,. volt 
Thus, Equation then becomes 0.29 volt 
substantially zero 


When 1.25 grams potassium chromate are added 
the above solution, the values become 


losses. 
very small currents flowing between 
local the anode (or the cathode) can 


ubstantial shift its potential. 
UNTREATED 


0.2 
CURRENT 


POTENTIAL SAT. CALOMEL-VOLTS 


uninhibited percent sodium chloride solution: 


and few cases, the mechanism inhibitors has =0.19 volt 
and has been described Mears and and relates substantially zero 
the behavior chromates corrosion inhibitors 


for Mechanism Sodium Hexametaphosphate 


Inhibitor 
has studied the mechanism the inhibit- 
action increased with the passage time. the terms 
solution which various amounts the inhibitor, Equation are evaluated using Hatch’s data for 
potassium chromate, were added. both and 120 hours, the results are follows 
The results these studies are summarized Table 
Figure can seen that potassium chromate acts 
corrosion inhibitor because reduces the 
potential difference between the local 


SODIU! 
anodes and cathodes, and increases the polariza- INHIBITOR 

Hours 120 Hours 


inhibitor did not also decrease the polari- 


this quantitatively terms Equa Nil Nil Nil 


the use technique that was described 
earlier was possible measure the various 


TABLE 1—Sodium Hexametaphosphate Inhibitor 
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will noted that the short-range (24 hours) 
effect the sodium hexametaphosphate increase 
the cathodic polarization. After longer period time 
(120 hours), the slope the cathodic polarization curve 
has not altered much from the 24-hour value. The open 
circuit potential difference (E,) however, has decreased 
greatly and this change now accounting for much 
the inhibiting action. 


Use Electrochemical Measurements 
Studying Other Inhibitors 
seems probable that electrochemical approach 
would throw much light the behavior other 
inhibitors. data this type were obtained 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


numerous inhibitors, seems probable that they 
could grouped into various categories. Some 
classes inhibiting materials would affect anodic 
cathodic polarization, while others would affect the 
“open circuit” potential difference. 
electrochemical behavior these different classes 
materials, would possible then predict the 
behavior potentially inhibitive chemicals. 
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Any discussions this article not published above 
will appear the December, 1955 issue. 


DISCUSSIONS TECHNICAL ARTICLES ARE SOLICITED 


Discussions technical articles published Corrosion 
will accepted for review without invitation. Discus- 
sions must constructive, accompanied full sub- 
stantiation fact the form tables, graphs 
other representative data and submitted three 
typewritten copies. 

Authors discussions are asked supply one copy 
figures suitable for reproduction and will sent 
request copy the NACE Outline for the Prep- 
aration and Presentation Papers. 


Discussions will reviewed the editor Corro- 
sion and will sent the author the 
discussed for his replies, any. Publication will 
the Technical Section with full credit the authors 
together with replies. Discussions papers 
meetings the association may submitted 
writing the time presentation later 
the editorial offices Corrosion, 1061 
Houston Texas. 
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T-2 Officials Experienced 
Corrosion Work 


Sudrabin 


March, 1954, with the re-organiza- 
tion the Technical Committees, Group 
Committee T-2 pipe line corrosion 
was formed and Stewart, Sun 
Pipe Line Company, 
chairman. ballot vote was 
taken and Sudrabin, Electro Rust- 
Proofing Corporation, Newark, New 
Jersey, was elected vice-chairman the 
group. 

corrosion work since 1934. Mr. Stewart 
was born 1904 Comanche, Texas, 
attended grade school San Antonio, 
Texas and high school Comanche. 
1916, Bill became interested radio, 
called wireless those days. 
came licensed “ham” operator 1916. 
1923 through 1927 constructed 
custom made radios. 1928 Bill joined 
the Interstate Geophysical Company and 
1939 became affiliated with the Sun 
Oil Company Electro 
oratory. 1934 was loaned the 
Sun Pipe Line Company for 90-day corro- 
sion study and still studying. 

has been member NACE 
since 1944. is, addition being 
chairman Group Committee T-2, 
member NACE’s board directors, 
chairman the National Gasoline Asso- 
America’s Condensate Well 
Corrosion Committee 1948-49, member 
API, external pipe line corrosion sub- 
committee and member 
T-2 Technical Unit Commit- 
tees. 

Services and Development 
the Electro Rust-Proofing Corporation. 

graduated from Northeastern Uni- 
1936 with iti Chemical 
From 1936 1943 was 
chief chemical engineer for the Dayton 
Light Company. 1943 and 
the Dorr Company, Westport, 
and has been with the 
‘dition holding the office 

Group Committee T-2, 


Committees Invited 
These Sessions 


South Central Region: October 18-21, 
1955, Shamrock Hotel, Houston, 
Texas. October 18 and 19 being re- 
served for Technical Committee meet- 
ings. To reserve meeting space notify: 
T. J. Hull, NACE, 1061 M & M Bldg., 
Houston. 

Northeast Region Meeting: October 31- 
Nov. 3, 1955, Niagara Falls, New 
York. October 31 being reserved for 
Technical Committee meetings. To 
reserve meeting space notify: T. J. 
Hull, 1061 M & M Bldg., Houston. 

Western Region Meeting: November 17 
and 18, 1955, Sir Francis Drake 
Hotel, San Francisco, California. To 
reserve meeting space notify: T. J. 
Hull, 1061 M & M Bidg., Houston. 


TENTATIVE SCHEDULE 


SOUTH CENTRAL 
REGIONAL MEETING 


Houston, Texas, October 18, 19, 20, 21, 1955 
Committee 


T-1 Corrosion in Oi: and Gas Well Equip- 
ment. All Day Tuesday 

T-1C Sweet Oil Well Corrosion, 1:30 P.M. 
Wednesday 

T-1D Sour Oil Well Corrosion. 8:30 A.M. 

Wednesday 

Fundamentals of Corrosion. 9:00 

A.M. Thursday 

T-1H Oil String Casing Corrosion, 10:00 A.M. 
Wednesday 

T-1J Oil Field Structural Plastics. 9:00 
A.M. Thursday 

T-1K Inhibitors for Oil and Gas Wells. 
1:30 P.M. Wednesday 

T-2A-2 Ribbon Anodes. 9:00 A.M. Tuesday 

T-2B Anodes for Impressed Currents. 1:30 
P.M. Tuesday 

T-2C Minimum Current Requirements for 
Cathodie Protection. 9:00 A.M. 
Vednesday 

T-2D Standardization of Procedures for 
Measuring Pipe Coating Leakage 
Conductance. 1:30 P.M. Wednesday 

T-2E Internal Corrosion of Product Pipe 
Lines and Tanks. 9:00 A.M. Wednes- 
day 

T-2J Wrappers for Underground Pipe Line 
Coating. 1:30 P.M. Tuesday 

T-2K Prefabricated Plastic Film for Pipe 
Line Coating. 1:30 P.M. Wednesday 

T-3B Identification of Corrosion Products. 

1:30 P.M. Tuesday 

Water Meter Corrosion, 1:30 P.M. 

Tuesday 

T-5B-2 Sulfide Corrosion at High Tempera- 

tures and Pressures in the Petroleum 

Industry. 9:30 A.M. Wednesday 

Corrosion by Cooling Waters, South 

Central Region. 1:30 P.M. Wednesday 

T-6A Organic Coatings and Linings for Re- 
sistance to Chemical Corrosion, 9:00 
A.M. Tuesday 

T-6B Protective Coatings for Resistance to 
Atmospheric Corrosion. 9:00 A.M. 
Wednesday 

T-6E Protective Coatings in Petroleum Pro- 
duction. 9:00 A.M. Thursday 


T-1D-1 


T-5C-1 


Mr. Sudrabin chairman Unit Com- 
mittee T-2C Minimum Current Re- 
quirement for Cathodic Protection. 
has been member NACE since 1944, 
Society, the NSPE, the AIChE, the 
AWWA and registered professional 
engineer the states New Jersey 
and Ohio. 


Several Criteria Used 
Rate Merits 
Corrosion Inhibitors 


Unit Committee T-1B Condensate 
Well Corrosion has reported Group 
Committee that summary re- 
plies received from questionnaire de- 
used control corrosion condensate 
wells has been completed. Replies indi- 
cate that most operators use iron 
content produced water classify 
condensate wells severity cor- 
rosion. the iron content parts per 
million less, the well classified 
non-corrosive and more than 
parts per million, usually classified 
corrosive. During the first two 
three months the well’s life, produced 
iron content erratic and probably 
means little. This also true wells 
that have been worked over wells that 
have started produce salt water. 

Some operators determine the carbon 
dioxide content gas and use either its 
concentration partial pressure 
criterion. 

Internal tubing caliper surveys are 
widely used determine the location, 
extent and severity corrosion. Fre- 
quency surveys depends upon the in- 
dividual problem. 


Treatments Rated Same Gauges 

the combined use iron content 
the produced water, caliper surveys, 
carbon dioxide content and occasional 
coupon tests, wells are classified. The 
same criteria are used determine 
chemical treatments are successful. Rela- 
tively few operators attempt very 
exactly classify individual wells accord- 
ing severity corrosion. Principally 
classifications are made determine 
well should treated. several wells 
general practice that all wells the 
field are classified corrosive. Guided 
experience the area field forma- 
tion most operators now consider con- 
densate wells corrosive unless proved 
otherwise. 

The summary indicates relatively few 
condensate wells are completed without 
tubing packers. Wells without tubing 


usually are those that have 


shut-in tubing pressures 2000 psi 
less. However, one operator reported 
having some wells with pressures 
high 4000 that are not equipped 
with packers. 


Hollow Sucker Rods Considered 

Only one operator had attempted 
use chemical injection valves tubing 
strings arranged inject chemical 
via the casing. The necessity care- 
fully removing mud, loose mill scale 
and other materials from the casing 
pointed out those who have used 
these valves oil Water used 
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WITH 


Trade Mark 


Reg. U.S. Pat. Off. 


310 


NEW CORROSION 
FOR 


SWEET OIL WELLS 
CONDENSATE WELLS 


SECONDARY RECOVERY 
OPERATIONS 


Economical. 


Effective low concen- 
trations brine fresh 
water where organic acids 
and carbon dioxide are the 
corrodents. 


Polar 
sorbed; unusual persistence 
inhibition. 


Disperses 


brine. 


Exceptional efficiency 
high temperatures. 


Effective the presence 
oxygen. 


Laboratory Information Release and 
Laboratory samples 
No. 310 will sent request. 
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one operator wash much mud 
from the annulus possible. This fol- 
lowed 500 gallon hydrochloric acid 
treatment and more water and then 
crude oil try clean the annulus 
before valve installed. New, special 
unusual equipment reported the 
questionnaire replies included one oper- 
ator’s plan install hollow sucker rods 
chemical injection strings and 
wells producing substantial amounts 
salt water. Experimental use “rabbit 
injector” was reported without detail 
except that appears operate effec- 
tively. 

Fifty strings percent tubing 
where chemical treatments are not used 
protect the tubing string were re- 
ported the summary the question- 
naire replies, Several replies indicated 
that minor pitting has occurred and all 
indicate that the iron content the 
produced water about the same 
level occurs when API steel tubing 
used. number failures were report- 
edly caused stress-corrosion crack- 
ing. wells producing salt water, fail- 
ures caused pitting 
common. most cases, chemical inhibi- 
tors are used protect the flow lines 
from wells equipped with tubing. 

One operator reported having three 
short time. Another operator reported 
mechanical failure that occurred 
when attempt was made pull 
tubing out the hole immediately 
prior the initial completion the 
well. Cause failure was not definitely 
determined. 


Except for one two strings, all 
tubing being treated with chemi- 
cals prevent corrosion. the 
present consensus that this material 
little better than API steels from cor- 
rosion standpoint. 

Insufficient information was reported 
plastic coated tubing wells where 
chemical treatments are not being used 
truly evaluate the material, Several 
operators pointed out the coating failed 
adjacent storm chokes regulators 
installed the tubing string and that 
mechanical damage the coating 
the pin end the tubing had not been 
prevented. One operator reported hav- 
ing strings coated pipe service 
that are currently being protected with 
corrosion inhibitors. These strings were 
installed 1946 1948 and conclu- 
sion was drawn that although failures 
doubt have occurred part these 
strings, the coating paid for itself 
protecting the tubing, least partially, 
before the inhibitor program started. 


Chemicals Preferred Most 


The majority the replies the 
question “Where you think special 
tubing material should used pref- 
erence chemical treatment?” were 
that chemicals should used prefer- 
ence special tubing materials. the 
other replies was pointed out that 
alloys possibly have economic use 
wells producing MMcf per day the 
case fields that are expected pro- 
duce high rates for years more 
some off-shore wells and some high 
fluid level wells where chemical treat- 
ments are difficult. 


Five operators reported that special 


materials were used wellhead assem. 
blies and wells that are chemically 
treated. Most other operators 
good practice use alloy adapter 
flanges and tubing master valves 
special materials chokes and choke 
assemblies. Materials that have been re. 
ported being satisfactory this sery. 
ice include: stainless steels Type 303 
410 410 modified and 416; 
Monel, base alloys 
ceramic and carborundum chokes, Ap. 
velop other special materials for use 
wellhead assemblies 
assemblies. 


Inorganic Chemicals Infrequently Used 


The summary indicates that inorganic 
chemicals are used only few fields, 
In one area, two operators are ‘reating 
wells daily injection water 
tions sodium bicarbonate cue case 
and sodium carbonate 
These treatments have been used for 
about four years and the resilts are 
good. There appears special 
incentive discontinue the use these 
inorganic neutralizing agents. 

One operator prefers the use am- 
monia where low temperature separators 
are used because has prevented trov- 
bles with emulsions and deposits heat 
exchangers. Two operators 
having wells where 
makes the water from wells 
compatible with other 
from the field and gas plant 
ting subsurface disposal waters 
from these sources without encounter- 
ing sealing corrosion the 
disposal operations. 


Stick Forms Helpful 


The use organic inhibitors stick 
form generally limited isolated 
wells cases where liquid chemical 
injections are considered 
More failures obtain satisfactory 
sults were reported stick 
inhibitors than when using liquid inhibi- 
tors. Some operators find that stick in- 
hibitors can applied wells flowing 
rates less than per day with- 
out shutting wells—an advantage 
some fields. Wells treated stick 
inhibitors generally are treated daily 
twice week, but sometime 
quently once week. 

Five different makes liquid organic 
inhibitors are being used. The frequency 
treating wells that have tubing set 
packers varies considerably from daily 
treatments monthly treatments. The 
jority treatments are weekly 
longer basis. When wells 
daily twice week, the usual 
practice dilute the inhibitor and keep 
the wells shut for one two hours. 
the case weekly less 
treatments, the trend not dilute 
the chemical and keep the well shut 
least four hours. 


Frequency Checks Are Made 


One operator having large 
wells quite few fields, done 
considerable work determine the 
quency with which wells 
treated. Beginning with the that 
treatments once every two 
and the well shut long enoug! 
give the chemical chance 
the bottom the well, has been 
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AND LITERATURE 


PRODUCTS DEPT. 
UNIVERSAL 
PRODUCTS 


ALGONQUIN 
DES PLAINES, ILL., U.S.A. 


TECHNICAL COMMITTEE ACTIVITIES 


wn 


The Control Corrosion, Fouling 
and Product Contamination 
Pipelines, Storage Tanks Tankers 


The corrosion problems the 
petroleum industry may roughly 
classified into three parts, namely, (a) 
production oil well problems, (b) re- 
finery problems dealing with process 
equipment and (c) corrosion problems 
the transportation division, such 
those occurring pipelines, storage 
tanks and tankers. this discussion 
are considering only the corrosion 
problems associated with the transpor- 
tation and storage highly refined 
distillate products. For example, with 
gasoline jet fuel the corrosion prob- 
lem usually one rusting caused 
moisture. The resultant peptized 
rust stabilizes emulsion minute 
particles water fog causing con- 
taminated gasoline unsafe jet fuel. 


Methods proved merit for pre- 
venting this situation include (1) prod- 
uct dehydration, (2) the use nitrite, 
chromate other water-soluble rust 
preventives, (3) the addition oil- 
soluble, film-forming, organic inhibi- 
tors, (4) the use special alloy 
plastic pipe and (5) interior plastic 
coatings liners. 


substantial and significant amount 
evidence from laboratory and field 
sources during the past year has con- 
firmed the need for using oil-soluble 
corrosion inhibitors for the maximum 
The unique position Unicor this 
class inhibitors apparent pipe- 
line operators for the following im- 
portant reasons: 


Unicor prevents rusting product 
pipelines concentrations well below 
ppm. Since distributed uniformly 
over the entire internal surface the 
product itself, this protection virtu- 
ally 100% effective. 


Unicor slime-detergent and anti- 
fouling. rusting can occur since 
Unicor’s surface-activity causes 
water-repellent film formed 
the pipe’s interior. This film sheds cor- 


rosive droplets. 


Unicor economical virtue (a) 
its low cost which about 
pipeline product, (b) the minute 
concentrations required and (c) its 
persistence products from the re- 
finery through the pipeline 
the consumer, making re-inhibition 
unnecessary. 


Water products pipeline de- 
structive. [ts addition unnecessary 
with Unicor. Unicor will also prevent 
rusting caused unavoidably en- 
trained dissolved moisture. 


Mechanical cleaning maintenance 
materially reduced. The use scrapers 
and the replacement filters re- 
duced over per cent. 


The beneficial effect Unicor will 
extend pipelines, storage tanks, 
tankers and ultimately even con- 
sumer equipment when added 
within the refinery. 


Addition only one point required 
since Unicor distributed the oil 
phase and unaffected water. 

Unicor will not interfere with the 
action other useful additives such 
lead, antioxidants and 
dyes, and has been especially pre- 
pared avoid deleterious effects 
gasoline stability. 


Unicor has been formulated meet 
the exacting water tolerance require- 
ments ASTM D910-53T deter- 
mined ASTM D1094-53 regard 
entrainment moisture and rust 
hydrocarbon fuels. Unicor treated fuel 


rejects moisture. 


Unicor non-irritating, non- 
toxic inhibitor; safe handle and 
easy apply. 

Unicor sold exclusively 
Universal Oil Products Company. The 
technical services petroleum spe- 
cialists are available without charge 
assist the design, installation, 
and operation Unicor system 
protection. For samples and informa- 
tion, write Products Department, 
Universal Oil Products Company, 
Algonquin Road, Des Plaines, 
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tical set schedules for effectively 
treating wells. some fields, wells are 
produced continuously except when shut 
for chemical treatment while other 
fields individual wells are produced two 
three weeks each month and are kept 
shut the balance the month. 
least gallons, but not more than 
gallons, undiluted chemical used 
per treatment and, 
the well kept shut overnight after 
treatment. general found that 
less than one quart inhibitor per 
necessary. One field after being 
treated with one quart per MMcf for 
about four months subsequently 
been treated with one pint per MMcf 
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without resulting increase iron con- 
tent produced water. few wells 
have not responded this method 
treatment. such cases several brands 
chemicals have been tried the fre- 
quency treating has been required. 
Diluents chemicals include water, 
condensate Diesel fuel oil and kerosene. 
The diluent varies from 1:1 much 


1:4. 
Cost Varies Widely 

Cost treating wells with organic 
inhibitors varies considerably and was 
reported from $300 $2000 per 
well per year including labor and trans- 
portation. The average appeared 
about $600 $700 per well per year, 
with high cost wells those marine 
locations. The only 
effects reported are that some inhibitors 
cause emulsification and others have 


“You could better with corkscrew, 


Yes, there are times when corkscrew does better. 
And one those times, oddly enough, when you’re 
looking for anode core that won’t separate from the 
anode. That’s why many corrosion engineers prefer 
Standard Magnesium’s VIBRA-PAK Anodes the 
core really stays put! There are other 
good reasons for this preference, also. The magnesium 
itself, for example, spectrographically analyzed 
assure greater purity that means more current per 
pound magnesium. And, course, there’s the best 
reason all: VIBRA-PAK the anode 
which comes you already compacted and centered 
backfill, ready drop the hole. 


For further information, please address all in- 
quiries P.O. Box 1424-C, Tulsa, Oklahoma 


caused deposits thick layers 


exchangers and other spots the 


and separator system. 


Emulsification can very serious 
separators, especially where low temper. 
ature separators are used, increasing 


the carry-over liquids the gas, 
the loss liquid hydrocarbons with 
the water. some instances 
greatly reduce the capacity the sepa. 
rating vessels. Some organic 
tend break suppress 
One operator reported preliminary 
work that indicates some the organic 
inhibitors being used will 
pour point condensates that congeal 
relatively high temperatures. 


Salt Water Has Adverse Effect 
Salt water appears reduce 
tiveness inhibitors. Exact daia were 
when the volume water produced ex. 
ceeds the amount liquid hydrocarbons 
gard the persistence organic 
tors. who have done tle most 
experimenting indicate that for ractical 
purposes inhibitors last for two three 
weeks. Several reported they hive 
denced they last much longer, 
much four months. evident that 
batch treatments once week are 
tive all but few wells and that the 
majority cases, wells can treated 
satisfactorily injecting chemical once 
every two weeks once three 
weeks, provided that the ratio chemi- 
cal used the amount gas produced 
stant. The same criteria are used de- 
termine the effectiveness 
treatments are used the 
wells with corrosion. That is, the iron 
content the produced water, caliper 
survey and coupon tests along with 
placements, any, indicate the degree 
success the treatments. 

Those operating multiple completed 
producing from the casing-tubing annu- 
limiting corrosion with organic 
inhibitors. most instances the inhibi- 
diluent per part chemical. Some wells, 
however, are being treated with undi- 
luted chemicals every two three 
weeks, These treatments appear 
satisfactory. 


Chemicals Favored for High Pressures 


Very little data were submitted 
wells having pressures above 5000 psi 
but was indicated that some these 
wells are equipped with tubing, 
some with N-80 and some with 
All those expressing opinion how 
wells having high pressure should 
handled indicate that tubing should 
ties and that corrosion should 
trolled chemical means. One 
suggested that extremely high pres 
sure wells should feasible use 
inch P-105 tubing with inside 
string tubing plus 
chemical injection into the 
string. 


Abstracting services provided NACE 
include: The Corrosion 
tion Corrosion magazine; the Bibli- 
ographic Surveys Corrosion the 
NACE Abstract Punch 
Details about any these can 
tained writing NACE office, 
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Cut costly equipment replacement with the DOWELL inhibitor 
that can virtually end 


(Corrosive well fluids can cost operator liquid stick form, Corban easy use does 
replacement and lost production his not add emulsion problems. 

not fully protected. Yet many operator has Try Corban. Test the effectiveness this Dowell- 
improved his profit picture program well developed product yourself. Measure, and benefit from, 


with the long equipment life Corban can bring you. 


polar-type inhibitor, Corban available several buy Corban, for more information, call any 
meet different well conditions. Passing freely the 165 Dowell offices the United States and Canada; 
through valves, coats metal surfaces with protective Venezuela, contact United Oilwell Service. write 
that can virtually eliminate corrosion. either Dowell Incorporated, Tulsa Oklahoma, Dept. H-77. 
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SERVICE SUBSIDIARY THE DOW CHEMICAL COMPANY 
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Procedures for Above Ground Field Tests 
Deicing Salts Are Studied T-4D 


Hart, Illinois Bell Telephone 
Company, Chicago, chairman Techni- 
cal Unit Committee T-4D Corrosion 
Deicing Salts has appointed members 
task group study and develop 
procedures for conducting field tests 
above ground. Appointed were 
Bergman, National Aluminate Company, 
Chicago; Roland, Calgon, Incor- 
porated, Pittsburgh; Spalding, The 
Dow Chemical Company, Midland, 
Michigan; Coburn, Association 
American Railroads, Chicago and 
Temmerman, City Rochester, Roches- 
ter, New York. date, standardized 
procedures have been developed 
conducting field tests above ground. 
General comment the committee had 
revealed that weight loss test panels 
attached the underside, bumpers 
other parts automobiles, trucks would 
give variable results due splash 
mud, abrasion from flying sand and 
particles ice. Comment has also been 
made that the place and method at- 
tachment the panel the vehicle 
would greatly influence the results and 
prevent comparisons between cities un- 
less such details are standardized. 


Visual Inspection Recommended 


One member the committee feels 
that visual inspection inspection 
force trained paint failures, welding 
failures, molding failures, etc., gives 
more accurate and 
than test panels. said such in- 
spection force used one motor car 
manufacturer and that they inspect for 
corrosion the fender welt area, rear 
gravel deflector, window well and ap- 
plied molding. 

They found corrosion more prevalent 
Akron, Ohio and Rochester, New 
York where inhibitors are used. This 
was thought related heavy 
excessive use salt, rather than pres- 
ence absence inhibitors. general, 
this inspection force was unable show 
that inhibitors caused fewer 
show corrosion failures. Another mem- 
ber the committee says difficult 
evaluate either the corrosion caused 
salt, the benefit inhibitors when 
comparing widely separated cities with 
different atmospheric and industrial en- 
vironments. 


Automobiles Are Protected Now 

member the committee says that 
corrosion from the standpoint car 
users becoming somewhat less impor- 
tant since vulnerable spots automo- 
biles are either being eliminated better 
protected. said plated parts corrode 
more rapidly cities using salts than 
elsewhere. 

Another member the committee 
comments that sales inhibited salt are 
very limited and there apparently very 
little demand either because costs 
doubt benefit. Another member said add- 
ing inhibitor the extent would 
mean increase about per ton 
salt, which otherwise would cost $10.00 
$12.00. said there some doubt that 
even inhibitor would 
Another member said that $3.00 might 


look relatively high but spread over the 
large number car users would the 
course the season much less than 
single car washing. 

General comment was that there are 
very few complaints corrosion the 
underside cars due the heavy metal 
the frame and coatings oil, dust 
and mud. was agreed that undercoat- 
ing was doing some good although the 
increasing number undercoating ma- 
terials included some very doubtful 
quality. Comment was made that some 
types crack and some 
even peel drop off. 


Cable Sheaths Are Attacked 


Mr. Hart asked the committee for 
comments the underground phases 
corrosion deicing salts. Various mem- 
bers reported that lead cable sheath 
corrosion was increasing the use 
surface trolley lines decreased. One 
member commented that salt brine defi- 
nitely increases corrosion that de- 
creases resistance ground current. 
Mr. Hart said that cable corrosion 
one large metropolitan area seems 
have decreased slightly. One member 
credited this the fact that very little 
salt has been used the area for the 
past two years. Another member re- 
ported that corrosion underground was 
increasing lead cables, 
and other underground structures an- 
other large metropolitan area. 

supplement the original bibliog- 
raphy deicing salts has been submit- 
ted the committee George Best. 
The supplement has been distributed 
the members the committee. Mr. Best 
reports that future supplements will 
made available the members 
lication references are furnished him. 

nominating committee has been ap- 
pointed select nominees for the offices 
chairman and vice-chairman Com- 
mittee T-4D. 


T-4 Officers Active 
Utilities Corrosion Field 


Dietze 


Kulman 


Kulman Consolidated Edison 
Company New York, Inc., has been 
chairman NACE Technical Group 
Committee T-4 Utilities since the 
group committee was formed the re- 
organization NACE Technical Com- 


(Continued Page 60) 


Firms Spend Treat Cooling Water 


Cooling Towers 
Dissipate 196 Billion 
Every Day 


Sixteen companies reported work- 
ing unit NACE Technical Task 
Group T-5C-1 Corrosion Cooling 
Waters, South Central Region, that they 
spent $407,000 yearly for water 
treating chemicals. The plants operate 
cooling towers with combined circu- 
lation rate 1,028,400 gallons minute 
and dissipate 196 billion 
This report was presented May 
meeting. Maxey Brooke, Phillips Petro- 
leum Co., Sweeny, Texas, the 
unit. 

The report also includes sections 
types treatment used, used 
making calculations and in- 
fluencing treating costs. 

Dillon reported the activities 
the Non-Ferrous Alloys and Stainless 
chairman. testing program 
initiated determine the steel 
alloys most susceptible stress 
rosion cracking the Gulf Coast cool- 
ing waters. Racks for making tlie tests 
will completed and distributed 
member companies the end 1955, 
Mr. Dillon also presented en- 
titled “Heat Exchanger Materials versus 
Plant Cooling Water” authored 
Ashbaugh, Carbide Carbon Chem- 
icals Co. 

Ragan reported for the Test and 
Inspection Group the absence the 
the results inter-plant laboratory 
test conducted the group was dis- 
The group recommended re- 
port issued for publication giving the 
committee’s recommendations the 
best standard laboratory test method for 
screening corrosion inhibitors for use 
cooling waters. 

Krisher the Monsanto Chem- 
ical Company, Texas City, was elected 
chairman Technical Task Group T-5C-l 
Corrosion Cooling Waters, South 
Central Region, the meeting. Also 
elected were Dillon, Carbide 
Carbon Chemicals Co., Texas City, vice- 
chairman, and Weiss, Diamond 
Alkali Co., Pasadena, Texas, secretary. 

Messrs Krisher, Dillon and Weiss 
have been active T-5C-1 since the 
committee’s formation Mr. 
lon was the first chairman 
mittee and instrumental organizing 
Mr. Krisher has been chairman the 
working groups since the for- 
mation and was member the original 
group that organized 


The outgoing officers are 
Celanese Corporation 
Bishop, Texas, chairman; Haile, 
Monsanto Chemical Co., City, 
vice-chairman and Maure Celan- 
ese Corporation America, Bishop, 
Texas, secretary. Mr. Haile 
shortly before the May 
cause pressing company 


Zinn Heads Nuclear Society 


Zinn, director the \rgonne 
first president the American 
Society. 
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Make sure 


Cooling and Process Water Systems 


Calgon Engineering Service evaluates many factors making sure 
effective control corrosion cooling and process water systems. 
Water source, usage, type equipment, disposal effluent and other 
variables all receive due consideration. 


The proper solution must deal with the entire system, from cooling 
towers through. Iron and steel surfaces may given fast and more 
complete protection with composition TG, remarkable for 
its accelerated film forming ability. Copper copper alloy corrosion 
can inhibited with CORAID, which effective both high and 


Whatever the problem, you can make sure corrosion control 
putting Calgon’s broad experience with industrial water work for you. 


CALGON, Inc. 


SUBSIDIARY HAGAN CORPORATION 


HAGAN BUILDING, PITTSBURGH 30, PA. HAGAN 


BUROMIN 


*Fully licensed for use under U.S. Patent 2,337,856. 

the Registered Trade Mark Calgon, Inc., 
for its sodium phosphate glass (sodium hexameta- 
phosphate) products. 


4 
STARS 


CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


Cooperative Coupon Test Program Considered 
Reproducibility Factor Found Fovorable 


Ivy Parker, Plantation Pipe Line 
Company, Atlanta, Georgia, chairman 
T-2E Internal Corrosion Products 
Pipe Lines and Tanks reports that 
program begun March 1954 test 
methods has been completed. She said 
three coupons were installed each 
three companies locations ranging 
from almost perfect conditions com- 
plete rusting conditions. Reproducibility 
the results three coupons one 
location was considered excellent with 
more than one-half scale rating dif- 
ference. Dr. Parker has suggested that 
the results the reproducibility test 
were good enough justify initiating 
cooperative coupon test program. The 
purpose this program will ob- 
tain more data the effectiveness 
various inhibitors and permit collection 
more information uninhibited pipe 
lines. Each cooperating member would 
expose coupons his particular line, 
rate his coupons, photograph them and 
preserve them. addition, would 
report size line, flow per hour and 
inhibitor employed with dosage, Three 
points taken into consideration 
the coupon tests were agreed upon 
the commitee. These are: coupon po- 
sitioning and mounting, rating 
coupons, and surface preparation 
coupons. 


Corrosion Attacks Prover Tanks 

discussion the effect corro- 
sion the volume prover tanks, 
(tanks used calibrate meters) the 
T-2E committee agreed that corrosion 
does affect their accuracy. Metallized 
aluminum linings prevent corrosion 
the inside surfaces steel tanks 
gave very good agreement between the 
final in-and-out meter records. The cor- 
rosion products unlined steel tanks 
not only reduce volume but also the 
roughness caused the 
face affects the amount drain-down. 
30th factors affect the volume liquid 
recovered from prover tank, Organic 
coatings were reported having been 
used prover tanks but some objec- 
tion was raised because was thought 
that these coatings have relatively 
high swell factor and that this could in- 
terfere with tank accuracy. Zinc metal- 
lizing was thought unsatisfactory 
because the possible reaction between 
gasoline additives, such 
lead and the zinc. 


Tuberculation Gasoline Tanks 

has been reported the committee 
that tanks containing gasoline have 
experienced relatively mild tubercula- 
tion attack the underside floating 
roofs. Pitting tank bottoms from the 
liquid side was said problem 
several members the committee. This 
was conceded generally caused 
the bottom sedimentation which often 
present undrainable layer. Use 
magnesium anodes prevent this type 
bottom pitting was reported. They 
are placed tank bottom and top 
current dispersing pads. One installa- 
tion crude oil was expected have 
life three four years with resistors 
installed series with the anode 
limit current output. was estimated 
that without these resistors, life the 
magnesium anode installations would 
one year only. 


Inhibitors Protect Shell Only 


Many T-2E committee members say 
oil-soluble corrosion inhibitors are effec- 
tive preventing corrosion only the 
shell portions storage tanks. These 
inhibitors have effect the under- 
sides cone-roofed storage tanks, nor 
they appear inhibit pitting the 
liquid side the bottoms. Failure 
oil-soluble corrosion inhibitors pre- 
vent bottom pitting was thought 
attributable the layer bottom 
sludge and waste. number the 
member reports indicated that tanks 
which had been storing inhibited prod- 
ucts for period three four years 
had nevertheless developed bottom pits 
spite the inhibitor the com- 
modity. 


Improved Combustion Goal 


Improved combustion shonld the 
first major goal industry reducing 
smog, according Lauren Hitch- 
cock, president the Air Pollution 
Foundation article published 
July “Scientific Monthly.” 


T-4 Officers Active— 
(Continued From Page 58) 


mittees March, 1954. Mr. Kulman was 
born Brooklyn, New York, 1905, 
obtained his degree 1926 from the 
College the City New York. After 
employment the operating department 
the Brooklyn Edison Company, 
joined the New York Edison Com- 
pany tester the test department, 
assisting the electrolysis engineer 
periodic and special corrosion investiga- 
tions the underground cable and gas 
piping svstems the New York. 
From 1926 1935 attended the eve- 
ning session the Polytechnic Institute 
Brooklvn where received the de- 
gree Electrical Engineer 1931 and 
Master Electrical Engineering 
1935. 1936 Mr. Kulman became li- 
censed professional engineer New 
York State. During 1938 and 1939, 
junior engineer for Consolidated Edison 
Company New York, was re- 
sponsible charge laboratory tests 
high voltage cable joint designs, net 
work protectors and relays, cable lim- 
iters and other 


1940, Mr. Kulman was transferred 
engineering work the outside plant 
bureau where the planning 
and design corrosion mitigation meas- 
ures for the electric transmission and 
distribution system and the gas piping 
system. During World War was 
officer the Naval Reserve and was 
assigned large bureau Ships Ma- 
teriel Laboratory where 
charge personnel administration 
scientists and engineers. 


1946 Mr. Kulman returned his 
civilian position corrosion engineering 
and since 1951 has been engineer 
responsible charge corrosion design 
the Consolidated Edison Company’s 
underground plant, including pipe type 
lead sheath cable and the gas steam pip- 
ing systems. His responsibilities include 
the mitigation stray current electroly- 
sis, specification materials for corro- 


sion protection, development and 
cathodic protection systems and gen- 
eral planning the annual survey 
gram the underground plant, 
Kulman became member NACE 
1946 and also member the 
can Institute Electrical 
American Gas Association and the 
tional Society Professional 


active the Naval Research Re. 
serve and holds the rank Commande 
USNR. has been the author 
author technical papers presented be. 
fore the AIEE, AGA and NACE, 
has been special member the 
Insulated Conductor Committee, 
ber the AGA Corrosion Committee 
Chairman Sub-Committee the Causes 
Corrosion, NACE his committee 
work has included membership 
Corrosion Cable Sheaths; chairman 
T-4B-3, Tests and Surveys; T-4D, Cor. 
rosion De-Icing Salts. Mr. Kulman 
currently vice chairman the NACE 
Metropolitan New York Section, chair. 
man the Greater New York 
tee Corrosion, co-chairman local 
arrangements for the forthcoming 
NACE Twelfth Annual Conference and 
Exhibition held New York City 
March, 1956. 


Irwin Dietze the Depariment 
Water and Power, Los Angeles, Cali- 
fornia, was elected letter vote 
members Technical Group T-4 
joined the Los Angeles Department 
Water and Power the Underground 
Section the Design and Construction 
Division after graduating from the 
versity California and has just 
pleted his 30th year with the 
ment. During the last years has 
been actively engaged electrolysis and 
corrosion work. 


stitute Electrical Engineers and 
the Cathodic Protection Sub- 
Committee the Committees Chem- 
ical, Electromechanical and Electrother- 
mal applications. 


chairman the Electrolysis 
Committee Southern California, 
has been member the National As- 
1945, which has held now holds 
the following offices: Program chairman 
the Western Regional 
1947, chairman Western Regional Di- 
vision NACE director 
senting the Western Regional Division 
for three years, 1949 through 1951; cor- 
respondent for CORROSION 
zine representing the 
from 1948-1949; chairman NACE 
Technical practices Committee 
Electrolysis and Corrosion Cable 
Sheaths which was organized 
(This committee now known Tech- 
nical Unit Committee 
man for NACE Technical 
T-4 member NACE 
Editorial Review 
Corrosion since 1953. 
sented paper before the NACE Cor 
ference 1947 entitled “Cathodic 
tection 138 Lead Sheathed 
Cables the Los Angeles 
Water and Power” which was 
lished Corrosion September, 1947. 


The Bibliographic Survey 
for the years 1950-51 includes 4454 
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Why chance trouble like thi 
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Cathodic Protection and ANACONDA Type 


For longer cable life cathodic protection 
Anaconda Type Cable 


Moisture, soil acids and alkalies, and 
important oil are tough 
present cables used Cathodic Pro- 
tection. 


Anaconda’s new Type Cable 
specially designed—with double cov- 
ering polyethylene and Den- 
sheath* (PVC) resist these 
enemies cable life. This means less 
frequent replacement major sav- 


ings both labor and material costs. 
*Reg. U. S. Pat. Off. 


Polvethylene and Densheath used 
ANACONDA Cable are inherent- 
resistant oil. And they have high 
resistance electro-endosmosis, 
well moisture and most acids, 
alkalies and chemicals found cor- 
rosive soil areas. Rugged Densheath 
jacket withstands toughest abrasion, 
and weathering. 


This cable light easy in- 
stall, splice and terminate. Ask the 


Man from Anaconda—or your Distri- 
butor for full information. 
write for Bulletin 5450: “Ana- 
conda Cathodic Protection Cable.” 
Anaconda Wire Cable Company, 
Broadway, New York New York. 


55341 


COPPER AND ALUMINUM 
WIRE AND CABLE 


Where Anaconda Type Cable and Cathodic Protection Cut Corrosion Costs 


Tank farms 


Booster stations 


Pipe lines 


Oil Refineries 


q Pig 
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Several New Solutions Tank Car Corrosion 


Problems Suggested May T-3E Meeting 


meeting Unit Committee T-3E 


member the committee com- 
cars for transporting ammonium nitrate. 
suggested that alternative system, 
using aluminum metallizing with 
epon resin sealer would meet the re- 
quirements for ammonium nitrate serv- 
ice. Mention was made the experi- 
mental use magnesium anodes 
benzol tank cars for preventing corro- 
sion heating coils the bottom the 
car which was not too successful. Another 
method combat corrosion tank car coils 


would preferentially wet the inside 
the tank car before loading with ben- 
zol. Another member the committee 
said that painting the coils impossible 
because the confined space 
accessible areas involved. Santolene 
similar rust inhibitor concentra- 
tion ppm was mentioned pos- 
sible inhibitor for introduction into 
benzol. 

general discussion the meeting, 
one comment concerned cold spray paint 
for exterior freight cars, said had 
low solvent-high solids concentrations, 


ERRATUM 


Summary Data Use Structural Plastics Oil Production. 
Corrosion, Vol. 11, No. Page (Technical Committee Activities) 


(1955) June. 


Substitute the arrangement figures below for those upper left hand 
corner Page 62. effect transposing cutlines under figures. 


HEIGHT, FEET 


48.42 48.46 48.50 48.54 48.58 48.62 
CIRCUMFERENCE, FEET 


HEIGHT, FEET 


48.42 48.46 48.50 


FULL 


48.58 


CIRCUMFERENCE, FEET 
Figure 4—Circumferential measurements glass-polyester stock tank. 


HEIGHT FEET 


TANK FULL 
i Ist SUMMER 


EMPTY 
ist SUMMER: 


4848 48.50 48.52 


CIRCUMFERENCE 
Figure 5—Circumferential measurements glass-epoxy tank. 


48.54 
FEET 


48.56 48.58 


thus giving dry-film thicknesses 


1.75 mils per coat. Present 
ments state 2.5 mils may 
Conventional spray equipment may 
used application, the paint exhibit 
excellent viscosity characteristics. The 
involved somewhat higher than 
conventional painting methods, 

inquiry was made the commit. 
tee concerning the corrosion of covered 
hopper cars rock salt. The though 
was expressed that vinyls 
would suitable for this service al- 


though vinyls often build stati 
charges. Surface preparation 


system should consist sand 


grit 


blasting, taking care that proper particle 
size employed. The the 
asperities the metal 


should not greater than the 
final dry film thickness. 

The use inhibited 1,1, 
toxicity comparison with 
and not flammable. 


richloro. 


Results Reported 
Over 2000 


Silicon Anodes 


has been reported Unit 
tee T-2B Anodes for Impressed 
rent that during the year March 
March 1954 over 2000 high silicon cast 
iron anodes were placed applica- 
tions various types. While results 
these field tests cannot obtained 
such comparatively short time, 
attempt was made outline 
trends that have been established. 

addition, certain basic laboratory 
data had been obtained that fits into 
the general picture, manufacturer 
the high silicon 
Committee T-2B report which 
subdivided into three general categories 
Ground bed, salt water and fresh water. 
The report says large number the 
high silicon cast iron anodes have 


applications but very little 


available date. 

Several installations were made 
operation with members 
T-2B. These initial trials include insta 
lations swampy areas where low 
sistivity conditions exist, soils having 
high acidity from adjacent coal piles 
acid distributing systems, 
coastal areas where sea water is preset 


and special sulfate soils known 


troublesome. 


Backfill Often Omitted 

many cases the installation the 
high silicon cast iron anode was made 
because graphite showed 
tory They were 
benefit backfill where was 
practicable and other insta: 
fill was intentionally omitted 
broader evaluation. stil! 
stances, comparisons are 
tion conditions. Trial instal! 
volve not only pipe line applic 
include such other undergro 
tures suchas tanks, telephone 

The report T-2B 
gas blocking situation 
problem chloride-saturated 
problem presently being 
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Over $5,000,000 Cathodic Protection 


Engineering and Installation Work Now 
Completed Cathodic Protection Service! 


TECHNICAL COMMITTEE ACTIVITIES 


Cathodic Protection our business...not side line 


CORPUS CHRISTI 


protection service! 


Experience Corrosion Engineers with combined total more than 150 years specialized Cathodic 


Protection experience over 700 engineering and installation jobs completed (mostly packaged, turnkey basis) 
from $200,000 value. 


Progressiveness Since World War CPS has acquired the largest staff outstanding engineers this 
recognized leaders the engineering profession. Each job individually designed for maximum 
not proto-typed. Not being satisfied follow set rules CPS has contributed greatly the advancement Cathodic 
Protection engineering science. 


Reliability offices backed the largest single warehouse concentration first line cathodic protection 
materials the 


Stability Steady continued growth every year CPS history. Immediately available permanent offices and 
warehouse facilities assure you our stability. Here 1965 and 1975 stand behind installations made 1945 thru 
1955. 


Duriron Anodes 


Dow Magnesium Anodes 
American Zinc Anodes 


CPS Graphite Anodes : 
Good-All Rectifiers OFFICES LOCATED 
Scotchrap Tape Coatings HOUSTON 
Betzel Tapesters Box 6387 


Maloney Insulating Materials 

, Erico Cadweld Welding Materials 
Fisher M-Scope Pipe and Cable Locators 
Detectron Pipe Locators 

Wahliquist Pipe Locators 


CPS Graphite Anode Backfills 


and Barada and Page Backfills 


and CPS Meters 


Associated Research Resistivity Meters 
Rubicon Potentiometers 
Pearson Holiday Detectors 
Holloway Shunts 
Rome Direct-Burial Cable 
Ditch-Witch Trenchers 


from insulating washer turnkey contract installation. 


(4601 Stanford Street) 
Houston 6, Texas 
JAckson 2-5171 

TULSA 
310 Thompson Building 
Tulsa 3, Okla. 
CHerry 2-9857 
NEW ORLEANS 
1147 Annunciation St. 
CAnal 7316 

New Branch Office in 

CORPUS CHRISTI 
1522 So. Staples 

TUlip 3-7264 
DENVER 
(Golden) P. O, Box 291 
CRestview 9-2215 


protection 


service 


Everything the cathodic protection field 
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Results Reported— 
(Continued From Page 62) 


studying more suitable backfill meth- 
ods and other anode materials, addi- 
tion backfill studies for the chlorine 
problem, other possible backfill materials 
are being investigated for economic 
reasons. 

Salt water tests indicate very general 
suitability the high silicon cast iron 
anodes and numerous trial installa- 
tions date substantial deviation 
from laboratory data has been reported. 
general, has been found that the 
electrical characteristics the high sili- 
con cast iron anode and graphite anode 
are equivalent. Laboratory tests syn- 
thetic sea water verify this conclusion. 


CORROSION 


Surface Resistance Constant 


The low specific resistance and back 
EMF values the high silicon anodes 
what higher surface resistance. This surface 
resistance does not seem change with 
time. Again both laboratory and field 
installations some limited evidence 
gas blocking was noticed. the labora- 
tory this condition was overcome 
eliminating taped joints and the only 
evidence chlorine corrosion the 
field occurred anodes which also had 
taped joints. gas blocking problem does 
exist, may eliminated selection 
another anode material change instal- 
lation design. 

From the numerous high silicon cast 
iron anodes field tests, there every 
indication that high silicon anodes has 


Lay Pipelines Faster with 
RUBEROID LIGHTWEIGHT IMPERIAL 


Glass Fiber Reinforced Asbestos Pipeline Felt 


Ruberoid’s new Lightweight Imperial Pipeline Felt—reinforced 
with glass threads—is thinner, lighter, easier handle. With 
more felt coverage per roll there are fewer machine stoppages 
for loading. Lightweight Imperial means faster job from start 


finish. 


Because the tough but light glass threads that are added 
it, Lightweight Imperial has greater tensile strength per pound 
than ordinary felt. And most important all it’s lower cost. 


For extra savings wrapping pipelines, investigate the lower 
cost, easier handling, greater strength and faster application 


The RUBEROID co. 
ASPHALT AND ASBESTOS 


Ruberoid Lightweight Imperial Glass 
Fiber Reinforced Asbestos Pipeline Felt. 


BUILDING MATERIALS 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


very low consumption rate under 
test, single anode replaced 
several aluminum anodes 
small water storage tank. the 
lel aluminum anodes continued 
resistance from corrosion products 
the high silicon cast iron anode 
increasing current since surface build. 
resulted. The high silicon cast 
anode surface remained bright and shiny 
and had bad effect the water 
Based these results, high silicon 
iron replaced aluminum this 
tion and was reported have essentially 
the same electrical characteristics 
newly installed aluminum Lab. 
oratory data indicate this true 
the high current densities. 

Initial laboratory and field tests 
cate oxygen has damaging cffect 
high silicon cast iron anodes. Although 
chlorine has had effect 
under tape and other restricted areas, 
this effect was with 
oxygen. 


Tests Made River 


One company represented 
installed two 2-inch 60-inch sili- 
con cast iron anodes the Hudson 
River Yonkers, New York. The 
anodes were experimental and 
attempt was made the 
turer provide wire connection other 
than piece galvanized iron into 
one end the anode, The wire 
tion provided the company consisted 
25-foot length wire over which 
had been slipped 8-inch length 
automobile radiator hose. current 
anode and resulted anode-to-river 
potential volts. This created 


effective resistance approximately 
0.75 ohm. 
Approximately one month later 


after 15,840 ampere hours the anodes 
were removed for inspection, The aver- 
age weight loss was 3.8 pounds which 
computed 2.1 per ampere year. The 
observed corrosion was fairly uniform 
except for slight tendency neck 
adjacent the rubber hose. 

the harbor New Rochelle, New 
York four 2-inch 60-inch cast 
anodes installation similar the 
one recorded above. current 
amperes was impressed the group 
After service 17,500 ampere hours the 
anodes were removed 
Each the four anodes 
fairly heavily one side. was 
lieved, although not definitely 
that the heaviest corrosion was the 
bottom and caused chlorine 
the mud. There was also 
necking tendency adjacent the rubber 
hose. Total weight loss 
ampere year. 

Since both tests showed necking 
effect the rubber hose connection 
anodes were used the test. 
average current amperes was 
for total 29,000 ampere hours. The 
average weight loss was 4.5 pounds 
1.36 pounds per ampere year. 
the group provided 
rubber hose showed bad effect 
with average diameter 
just below the hose while 
diameter the center the was 
1.94-inch. anode which had 
tween the exposed anode 
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TECHNICAL COMMITTEE ACTIVITIES 


Among Hill, Hubbell’s 
“Things That Money Buy” listed 


Time Service 


This what mean 


don’t consider shipment Hill, Hubbell 
factory coated-and-wrapped pipe “on time” 
unless arrives perfect condition. 
That’s why gondolas are loaded the 
Hill, Hubbell Unit Load System (originally 
developed and patented us—and turned 


over the American Railway Association) 
—why every length perfectly protected 
pipe given kid-glove handling all the way 
its destination. 

You’re invited send for Hill, Hubbell’s 
“PIPELINE the com- 
plete story pipe protection pictures. 


HILL, HUBBELL and COMPANY 


Factory Applicators Pipe Coatings and Wrappings 


DIVISION GENERAL PAINT CORPORATION 
3091 Mayfield Road Cleveland 18, Ohio 
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Results Reported— 
(Continued From Page 64) 


for unknown reason showed the 
greatest tendency neck, adjacent 
the end the hose joint which had 
been inches diameter. The average 
diameter was only 1.49-inch. Two anodes 
used without the rubber hose reinforce- 
ment the connection seal showed 
slight tendency taper off each end 
but the deep necking was completely 
absent. These tests indicate that the 
attempt reinforce the anode connec- 
tion with automobile radiator hose 
all cases has led severe necking. The 
manufacturers’ connection without rein- 
forcement showed deterioration after 


months’ service amperes per 


anode. 


Installed Quicksand 


Another company installed 
con cast iron anodes quicksand with 
special backfill. The soil resistivity 
both ends the ground bed site this 
experimental anode installation was 
the order 2400 ohm-centimeter near 
the surface but appreciably higher 
lower depths. Analysis the soil read- 
ings led restricting the anode depth 
feet, The anode bed was designed 
have anode bed life approxi- 
mately years. The company plans 
take data twice year through 1957 
order get continuing information 
the installation. 

report has been furnished the com- 


BLDG. 
HOUSTON, TEX. 
PHO. CA-2-2203 


CORROSION—NATIONAL ASSOCIATION CORROSION ENGINEERS 


cast iron anodes under observation 
office building storage tank 


New York City water. The sto 


minum anodes with 


from The first high 
cast iron anode installation consisted 


2-inch 5-foot high silicon 


anode which was used replace 


aluminum anode showing the 
attack. The replacement anode 


service for 458 days, during 


time had discharged 
6400 ampere hours with weig 
ounces from original wei 
pounds. This equivalent 
mately 0.17 pounds per 
this rate would take nearly 
consume 25% the origi: 


weight the present current output 


tank 


Cast 


rapid 
had been 
Pre 
loss 


gk t of 4 
year, 
Con 


anode. Ten 
have 
Screwed Joints Protected South 
anodes continued deteriorate ind sions 
was decided install sample high Texas 
con cast iron anodes the man. 
inch size with Monel inserts each 
threaded stud, Each replacement anote sion 
the water tank would have one 
under water because there would has 
check various means Line, 
screwed joints. Water 
Four different types joint Water 
tion was used follows: Joint ings. 
sembled with Neoprene washcr Frid 
nished manufacturer between butting tor, 
anode ends the joint with the 
ing tape. Joint assembled with the 
with polyethylene tape. Joint follow 
sembled with Neoprene washer 
anode ends above any Cor 
with all threaded portions and 
ends coated with heavy grease 
using Neoprene washer any other 
Neoprene washer was used seal Alu 
tween butting anode ends there was Corro 
penetration moisture past tlie washer 
bolts. 
Slight Attack Reported 
Another member the committee 
ported his experience with high 
con cast iron anodes fresh water 
plication, salt water applications Pit 
soil installations. His general observa 
ohm-centimeter resistivity indicates that 
proximately 3000 ampere hours 
trical energy per anode was 
taken and found indicate very 
where the water resistivity 
sewage content two 2-inch 
graphite anodes were Cath 
2-inch 48-inch high silicon cast 
anodes. The original current 
anode was amperes each. \fter 
anodes had discharged 
pulled for inspection. The nal 
ing marks were still visible the only 
was thin film the 
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Committees Will 


Convene Houston; 


Symposia Set 


for the 
Ten one with two sessions 
have scheduled for the NACE 
luminum held October All ses- 
ind be. sions wi! the Shamrock Hotel. 
ments, Monsanto Chemical Co., 
high Texas technical program chair- 
each end technical committees already 
ths with have meetings during the ses- 
anode sion and may held. 
one The iowing schedule symposia 
October 20: Morning—Pipe 
iting the Line, Temperature, Recirculated 
Water afternoon—Recirculated 

Oil and Gas, Protective Coat- 
Joint 
butting tor, Marine; afternoon—Ca- 
the joint thodic Protection, Chemical Industry. 
Announcements have been made 
ith Neo- the papers presented during some 
the symposia. Among these are the 
oint following: 

between 
any Corrosion and Inhibitor Symposium 
ssembled Chairman Norman Hackerman, Univer- 
anode sity Texas, Austin. 

without Laboratory Method for the Evalua- 
tion Oil Production Corrosion In- 
hibitors David Boies, National 
seal _Aluminate Corp., Chicago. 
Corrosion Investigations Related Ad- 
washer sorption Studies Nathan, The 
ing stud Texas Co., Bellaire, Texas. 

Sulfonates Corrosion Inhibitors 
Riggs and Sudbury, Continental 
Oil Co., Ponea City, Okla. 
ater Systems Hatch, Calgon, Inc., 
Pa. 
observa- Inhibiting Corrosion Steel, Aluminum 
con cast and Magnesium Intermittently Ex- 
that and McGrew, Mutual Chemical 
six Division, Allied Chemical and Dye 
time Corp., Baltimore, Md. 
of ele 
charged Cathodic Protection Symposium 
Chairman Gordon Doremus, Cathodic 
Protection Service, Houston. 
plication High Potential Magnesium Anode, 
land, Mich., and Freeport, Texas. 
Cathodic Protection Rectifiers: Some 
tions and Design, Lyle Smith and 
Interna! Tank Bottoms, Graves 
and Tisdale, Tidal Pipe Line 
uston. 
surtact. @ 
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Western Agenda 
Includes Four Symposia 


Four symposia and two special reports 
are among the events scheduled during 
the Fifth Annual Western Region Cor- 
rosion Conference held San 
Francisco November and 18. The 
conference will follow the 3-day short 
course University California, Berk- 
eley, November 14-16 inclusive. The 
NACE conference will held the Sir 
Francis Drake Hotel, San Francisco. 
Roger Loper, Standard Oil Company 
man. 

The tentative program follows: 


Thursday, November 

Symposium Pipe Line Protection 
Problems: Holiday detection equip- 
ment, use inhibitors, internal coat- 
ing natural gas pipelines, external 
coatings and plastic pipe lines. 

Symposium Ocean-Going Vessels: 
Protection tanks tanker ships, 
protection against hull corrosion, elec- 
trolytic descaling. 

Special Reports: Cracking problems 
stainless alloys. Report research 
use wood cooling towers. 


Friday, November 
Symposium Corrosion 
With Oilwell Casing and Tubing: 
General problems and types cor- 
rosion, use inhibitors, cathodic pro- 
tection against external corrosion. 
Offshore Drilling. 


Committeemen Responsible 
For Session Are Named 


Members the committee responsible 
for arrangements the Northeast 
Region’s October meet- 
ing Niagara Falls are: 

Fouts, New York Telephone 
Co., program chairman; Dunn, 
Whitehead Metal Products Co., Inc., 
arrangements chairman; Hen- 
gerer, Kem-E-Quip Corp.; 
ner, Prufcoat Laboratories, Inc., Fel- 
lowship Hour; Benson, New York 
Telephone Co.; 

Fini, Niagara Mohawk Power 
Corp.; Larabee, American Tele- 
phone and Telegraph Co.; Seifert, 
Tennessee Gas Transmission Co.; 
Staderman, Niagara Mohawk Power 
Corp.; Varney, Iroquois Gas Corp. 


Davis Committee 


Davis, Chicago Bridge Iron 
Company, Birmingham, Alabama, has 
accepted appointment serve the 
Policy and Planning Committee 
which Noppel chairman. 

Corrosion available subscription 
basis non-members NACE. 


Problems 


Are Given for Three Regional Meetings 


Technical Papers, 
Other Events Listed 
For Niagara Falls 


Fifteen technical papers, general dis- 
cussion session and numerous other 
technical and social events have been 
scheduled during the Northeast Region’s 
Oct. 1955, meeting 
Niagara Falls, Also scheduled are 
meetings several NACE technical 
committees. 

Fouts, New 
Co., Buffalo, program 
the meeting titled “Conference Un- 
derground Structure Corrosion,” will in- 
clude number social events, panels 
and banquet November ad- 
dressed Rob Roy Macleod, Niagara 
Mohawk Power Corp., Buffalo. Special 
events arranged for ladies accompany- 
ing registrants include luncheon and 
tour the scenic areas around the 
United States and Canadian falls 
November 

tentative program, including ap- 
proximate titles papers pre- 
sented has been released follows: 

Title: Conference Underground 
Structure Corrosion including steam 
generating station and pipe line com- 
pressor station corrosion problems. 

Sponsors: Northeast Region NACE 
and Niagara Frontier Section. 

Headquarters: Hotel Niagara, Ni- 
agara Falls, 

Tentative Program 
Monday, Oct. 


pm—Technical Committee meet- 


York Telephone 


am- 
ings. 

noon-8 pm—Registration. 

Tuesday, November 

am—Registration opens. 

9-9:45 am—Fundamentals Corrosion, 
Thomas May, The International 
Nickel Co., Inc., New York. 

9:45-10:30 Cor- 
rosion Testing Underground Plant, 
Vernon Pike, Bell Telephone 
Laboratories, Murray Hill, 

10:30 am-10:45 

and general dis- 
cussion. 

Noon—Luncheon. 

1:30-2:15 pm—Testing Methods 
Corrosion Control Measures for 
Buried Telephone Cables, Daniel 
Werner, American Telephone and 
Telegraph Co., Long Lines Dept., 
Kansas City. 

2:15-3 Control Practices 
for Pipe-Type Cables the Detroit 
Edison System, Sinclair, De- 
troit Edison Co., Detroit. 

3-3:15 

3:15-4:40 pm—Panel and 
cussion. 

7:30 pm—Niagara Frontier Section An- 
nual Business Meeting and Election 
Officers. 

(Continued Page 68) 
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Attitude 
Discussed San Diego 


the June 15th meeting the San 
Diego Section, members and guests 
heard Paul Beerman and Linn 
Magoffin speak the subjects 
“Management’s Attitude Corrosion” 
and “Construction Deep Vertical 
Anode,” respectively. Mr. Beerman dis- 
cussed the qualifications, work and re- 
sults expected management cor- 
rosion engineer. Mr. Magoffin showed 
colored slides and discussed vertical 
anodes placed 350 feet deep the earth 
the California Water Telegraph 
Company. 

Much interest was shown the dis- 
cussion and the question period which 
followed lasted approximately half 
hour. 


Carolinas Section Has 
Dinner Business Session 


dinner and business session con- 
cluded the one-day meeting June 
the Carolinas Section held con- 
junction with the annual Sea Horse 
Company. 

The morning session was joint meet- 
ing devoted illustrated discussions 
cathodic protection and coatings, 

The afternoon portion the meeting 
was tour the International Nickel 
Company’s Harbor Island Testing 
Station. During the tour, Teel, 
vice-chairman the Carolinas Section, 
described the multitude tests being 
conducted International Nickel, giv- 
ing the technical background the tests 
and answering questions concerning op- 
erations the station. 

Abstracts published the NACE Bib- 
liographic Surveys Corrosion are ob- 
tained from more than abstracting 
agencies. 


Here’s how 


Corrosion pre- 
vention fine 
... but AFTER 


corrosion... 
turn to 


miracle 


Few can 


Committees— 
(Continued From Page 67) 


Marine Corrosion Symposium 

Co-Chairmen Dial, The Pure 
Oil Co., Houston and Grosz, 
The California Co., Harvey, La. 

Cathodic Protection Offshore Plat- 
forms, Edwards, Superior 
Co., Houston. 

Structural Design for 
rosion Control, Stauffer, Hum- 
ble Oil and Refining Co., Houston. 

Economic Considerations Corrosion 
Control Offshore Drilling and Pro- 
ducing Equipment, Blount, Mag- 
nolia Petroleum Co., Dallas. 

Plastic Coated Magnesium Anodes, 
Douglas and Schrieber, The 
Dow Chemical Co., Midland, Mich. 


Oil and Gas Industry Symposium 

Chairman Oxford, Jr., Sun Oil 
Co., Beaumont. 

Iron-in-Oil Technique Corrosion 
Control Criterion, Rydell Na- 
tional Aluminate Co., Chicago and 
Walker and Reed Robertson. 

Report Some Metallurgical Investiga- 
tions for Materials Control Cor- 
rosive High Pressure Wells, 
Morton, The International Nickel Co., 
Inc., New York. 

Cathodic Protection Oil Well Cas- 
ings, Doremus, Cathodic Pro- 
tection Service, Houston. 

Report the Use Alco Plating 
(Electroless Nickel Plating), author 
not named, Alco Products, Beaumont, 
Texas. 


Round Table Discussion 

Moderator Derk Holsteyn, Shell Oil 
Co., Houston. Panel members: Lionel 
Morrow, Interstate Oil Pipe Line Co., 
Shreveport, La.; Sudrabin, Elec- 
tro Rust-Proofing Corp., Newark, J.; 
Scott Ewing, Carter Oil Co., Tulsa; 
Starr Thayer, consultant, Houston. 

More than 1400 copies Corrosion are 
mailed monthly addresses outside the 
United States. 


SAVE 


Repair on cor- 
roded water 
header pipe at 
Celanese Cor- 
America 


RESTORES REINFORCES and REPAIRS even the 
worst corrosion damage! 


Technical— 


(Continued From Page 67) 


Wednesday, November 
am—Registration. 
9-9:30 am—Protection Gas 


Distribution Lines from 


Charles Beggs, Public 
Electric Gas Co., Newark, 
9:30-10 am—Wax Type Coatings, 
Kennedy, Jr., The Trenton Corp., 

Arbor, Mich. 

10-10:30 am—Coal Tar Pipe Coatings 
Norman Shideler, Coke 
Chemical Co., Pittsburgh. 

10:30-10:45 

10:45-12 noon—Panel and gencral 
cussion. 

noon—Luncheon. 


Panel Corrosion Problems Steam 

Generating Stations and Pipe Line 
Compressor Stations 

Large Steam Generating 
hawk Power Corp., Buffalo. 

Cupro-Nickel Alloys Corrosion 
Problems Steam Generating Sta- 
tions and Pipe Line Compressor Sta- 
tions, Tracy, American Brass 
Co., Waterbury, Conn. 

2-2:30 pm—Application Nickel 
Steam Generating Stations and Pipe 
Line Compressor Stations, 
Mason, Jr., International Nickel Co, 
Inc., New York. 

2:30-3 pm—Application Metallizing 
Corrosion Problems Steam 
erating Stations and Pipe Line Con- 
pressor Stations, Herbert Ingham, 
Metallizing Engineering Co., 

3-3:15 

3:15-4:30 pm—Panel and General 

6-7 pm—Fellowship Hour the Ter- 
race Room. 

7-8:15 pm—Banquet Main Ballroom. 

8:15 pm—Speaker the evening, Rob 
Roy Macleod, Commercial 
dent, Western Division, Niagara Mo- 
hawk Power Corp., Buffalo, 


Thursday, November 

am—Registration opens. 

9-9:30 am—Drainage 
tion Cathodic Protection Systems, 

9:30-10 am—Cathodic Protection 
Lead Cables Urban Area, Lester 
Plym, Illinois Bell Telephone Co, 
Chicago. 

10-10:30 am—Locating Cathodic 
tion Interference 
Arriving Mutually Satisfactory 
lutions Through Cooperative 
ments, Carl Erickson, The 
Peoples Natural Gas Co., Pittsburgh. 

10:30-10:45 


noon—Panel and dis 
cussion. 

noon—Luncheon. 

1:30-3 and 
ences the Louisville, 
Electrolysis Committee, Gates, 


Southern Bell Telephone 


ville Gas and Electric Co. 
cerned with joint cathodic 


which both speakers are 
considered one the most 
ful the nation. 
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1955 


for Houston 


Course Appointed 


Chairmen for the next Houston Sec- 
tion Short Course have been announced 
Alvan Richey, Cathodic Protection 
Service, section chairman. They are: 


Woody, United Gas Corporation 
Gas Pipe Corp. Dates for the short 
course have not been announced. 


Named for 
Section Activities 


Members the various committees 
who will with Houston Section 
officers section activities during the 
Alvan Richey, Cathodic Protection Serv- 
chairman. 
the program committee are 


Rowe, Gulf Oil Corp.; Holm- 


Gordon Cathodic Protection 
and Sharpe, Napko Paint 
Varnish Works. 
the arrangements committee are 
Morgan, Gulf Oil Corp., chair- 
man; Harold Haynes; Donald 
Montague; and Eugene Eutsler, 
Maloney Co. members. Chairman 
and active membership 
committee Sidney Smith, Napko Paint 
Ira Mayhew, Maloney Co., 
chairman; with Melvin Judah, Pipe Line 
Industry magazine committe member. 
The committee entertainment and 


Southwestern Bell Telephone Co., chair- 


man and Jean Wood, Haynes-Stellite 
Co. and Ken Snyder, members. 


the committee charge the 


1955 South Central Region meeting 


held Houston Oct. 18-21 are: Mr. 
Richey, chairman; Joe Caldwell, Humble 
Oil Refining Co., assistant the 
Morris, Monsanto 
technical program and 


Chemical Co., 


Wade, Transcontinental Gas Pipe 


Line Corp., arrangements. 


Forbes, Aquatrol, Inc., and 
Maurice Riordan, Rio Engineering Co. 


will represent the Houston Section 
the Houston 


Engineers’ Council, with 
Spracklen, Transcontinental Gas 


Line Corp. and Gartner, Jr., 


Elected 
Alloy Casting Institute 


Rutherford, The Midvale 
Philadelphia was elected president 


the Alloy Casting Institute June 
the close the institute’s annual meet- 
Hot Springs, Va. 


Empire Steel Castings, Inc., 
eading, Pa. was elected vice-president 


‘elected executive vice-president and 


ELDON MOOT 


Eldon Moot, Western District Man- 


140 Shear San Francisco, 


Moffett Field. 


NACE NEWS 


Water Flood Corrosion 
Topic Houston August 


Corrosion Water Flood Operation 
will discussed the August meet- 
ing the Houston Section, National 
Association Corrosion Engineers. 
Bilhartz, Production Profits, Inc., 
Dallas, will the speaker, The meeting 
will the Ben Milam Hotel and will 
start with fellowship hour 6:00 
with dinner 7:00 and the technical 
meeting 8:00 pm. 

Mr. Bilhartz will define the part cor- 
rosion and its secondary problems play 
water flooding. will discuss the 
causes corrosion and will describe the 
engineering methods diagnosing cor- 
rosion mechanisms. The anticipation 
problems the conception the proj- 


PRUFCOAT New “A” Hot-Spray Vinyl Gives 

Greater Mil Thickness, Improved 
Film Density, Better Adhesion 
Lower Cost! 


Now, performance-proven Prufcoat 
“A” Series Vinyl has been adapted 
and specifically engineered for the 
modern, cost-saving technique 
hot-spray. Prufcoat “A” Hot-Spray 
gives you greater mil thickness (4-5 
mils single spray pass), im- 
proved film density (no porosity 
pinholing) and better adhesion (to 
primers and even bare metal) 
lower cost per sq. ft. surface. 


New! PRUFCOAT Odorless Chemical-Resistant 

Coatings Eliminate Chemical-Resist- 

ant Painting Odor Problems 
Prufcoat Odorless Chemical-Resist- 
ant Coatings provide high resist- 
ance acids, alkalies, and other 
chemicals. Scrubbable hours 
after application, they withstand 
extensive scouring and cleaning. 
Ideal for use confined, poorly 
ventilated areas. Suitable for appli- 
cation over wood, metal, concrete. 
wrinkling lifting old 
paints. Easy apply, and supplied 


PRUFCOAT New Fast-Dry Primer P-50 Lets 
You Over-Coat Just Two Hours! 
The famous Prufcoat Primer P-50 
now with 2-hour drying action! You 
your complete coating job from 
primer top coat just one day. 
This heavy bodied, rust inhibitive 
oleoresinous metal primer insures 
mils more thickness the 


ect will discussed and the use pilot 
floods assess the importance the 
corrosion problems will described. 
The preventive and remedial measures 
commonly employed will given and 
the methods evaluating preventive 
measures will considered. Corrosion 
specimens taken from water flooding 
projects representing many types cor- 
rosion will display. 

Section meetings, held Kelley’s 
Dining room for the past several months 
longer will held there, according 
Alvan Richey, Cathodic Protection 
Service, Section Chairman. commit- 
tee will select new meeting place. 

The Bibliographic Survey Corrosion 
for the years 1950-51 includes 4454 ab- 
stracts literature topically indexed 


prime coat alone. Minimum surface 
preparation needed, yet there 
positive adhesion 
corrosion control. 


PRUFCOAT Mastic The Perfected 
Vinyl Base with “Gloss” 
Finish that Improves Chemical Re- 
sistance, Gives Better Appearance. 


This exclusive mastic formulation, 
based vinyl and other chemical- 
resistant resins, gives exceptionally 
heavy build cross-coat spray ap- 
plication, using conventional cold 
spray equipment. Prufcoat “Gloss” 
Mastic provides tough and sub- 
stantial coating over rough and 
hard-to-protect structural ma- 
chine areas. 


Get these Prufcoat winners, en- 
gineered and test-proven solve 
the toughest corrosion problems, 
going bat for you your fight 
against corrosion. Without obliga- 
tion, write today for complete 
information. 


PRUFCOAT 


LABORATORIES 
INCORPORATED 


Sales Office: 42nd Street, 
New York 17, 


Plant: Main Street, 
Cambridge 42, Mass. 
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NATIONAL ASSOCIATION CORROSION 


NORTHEAST REGION’S SPRING MEETING. Top—Discussion after Underwater Corrosion 
Symposium. Behind the table are panel members, left right: Carl Johnson, Port Authority 
New York; Devoluy, Glidden and Co.; Cranmer, Philadelphia Naval Shipyard; 
bottom, luncheon meeting, seated dias, left right: Reichard, Holmdel, J.; 
Tice, The International Nickel Co., Inc.; Brink, Jacobs, Kulman, Consolidated 
Edison Co.; Ford, George Best, Mutual Chemical Division, Allied Chemical Dye Corp.; 
Mears, Applied Research Laboratory, United States Steel Corp.; LeFebvre, Electro 
Rust-Proofing Corp.; Cogshall; Verink, Aluminum Company America; Gilbert, 
Jr., Atlas Mineral Products Co., Inc.; Shepard, Chemical Construction Co. 


Rench Will Talk 
Permian Basin Meet 


Joseph Rench, Napko Paint and 
Varnish Co., Houston, will speak 
“What Paint Ain’t” during the Permian 
Sixth Biennial Corrosion Tour. 


the Lincoln Hotel 
Odessa. The tour will 
held October 12- 
tered around Midland 
and 
sponsored Per- 


mian Basin Section, 
National Association 


will pertain coat- 

ings and their appli- 

facturer sometimes fail reveal about 
his product and which should known 


neers. 
Mr. 
Rench 
cation trom a nega- 
tive point view. Facts the manu- 
the user will discussed. 
The tour will consist visits air 


conditioned buses sites where some 
300 pieces equipment will avail- 
able for inspection. Results 
tion measures extending for periods 
more than six years will observed. 
Nightly discussions will held the 
facts developed the inspections. 

Corrosion magazine’s abstract section 
includes over 1400 abstracts year. 


ENGINEERS 


NATIONAL, 
MEETINGS 


SHORT 


12-14—Sixth Biennial 
Corrosion Tour. 
Oct. 18-21—South Central 


Region, 
Shamrock Hotel, Houston 


Oct. 31-Nov. 3—Northeast Region meet. 
ing, Hotel Niagara, Niagara 


aN. 


Nov. 17-18—Western Region, Sir 


cis Drake Hotel, San Francisco, Cal. 


fornia 
1956 


Mar. 12th Annual 
ference and Exhibition, Statler 


New York City. 


Oct. 2-5—South Central Beau. 


mont, Texas 
1957 


Mar. 11-15—NACE Annual Conference 


Kiel Auditorium, St. Louis, 


1958 

Mar, Annual Conference, 
Civic Auditorium, San Francisco, Cal- 
ifornia 

1959 


NACE Annual Conference, 
Hotel, Chicago, Illinois. 


SHORT COURSES 


Sherman 


1955 
Sept. 12-16—Washington University, 
Louis. 


November—University 


NACE Western Region. Process 
dustries. 


Dec. 5-9—University Illinois, Urbana 


1956 


Feb. 15-17—Tulsa Section Seventh 
nual Corrosion Short Course for Pipe 


liners, Mayo Hotel, Tulsa, Okla. 


Lubrication Conference 


The Second Joint Lubrication 
ference the Lubrication Activity 
Committee the American Society 
Mechanical Engineers and the 
Society Lubrication Engineers 
scheduled held the Antlers 
Hotel, Indianapolis, Ind., October 10-12 
Twenty-eight papers six sessions 
scheduled. 


Fill Out and Mail to: Kemper, Permian Enterprises, Inc., Odessa, 
Enclosed find $20 Registration Fee for the 


PERMIAN BASIN CORROSION TOUR for: 


Name 


(Please print typewrite) 


Address Street, City and State 


you want the Registration Committee reserve hotel accommodations indicate for which 


dates: 
October 


Registration fee includes: Air-conditioned busses, barbecue, lunches, tour report 
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gives lasting protection 
against pipeline corrosion! 


JOB JOB, Johns-Manville Trantex Tape con- 
trolling corrosion and extending the service life underground 
gas and oil pipelines. 


Trantex durable plastic tape that sticks contact— 
bonds tightly the pipeline. heat heavy duty equipment 
specially developed hand-operated machines. Many users have 
found that field-applied Trantex Tape speeds coating applica- 
tions lowers construction costs both large diameter 
transmission lines and gas distribution systems. 

Trantex Tape development Johns-Manville—a pio- 
neer the manufacture Asbestos Pipeline Felts. For further 


information about Trantex Tape, write for copy PP-26A, 
Johns-Manville, Box 60, New York 16, 


JOH Ws MANVILLE 


*V-10 

Dielectric Strength 
per mil thickness, 
Approx. 

Insulation Resistance, 
greater than 100,000 

Temperature Limit 200 

Adhesion 

oz. per inch width 30 

Tensile Strength 

Ibs. per inch 30 

Elongation Break 250% 


1,000 


**V-20 


1,000 V 
100,000 
megohms 

20 


300% 


“Trantex” is a black polyvinyl tape. It is available in 


two thicknesses— 


*V-10 mil tape for average conditions, and 


use where more 


rugged coating specified, such repair enamel 


coatings. 


e 


Johns-Manville TRANTEX TAPE 
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Role and Function Corrosion Engineer 
Modern Industry Described Noppel* 


Corrosion old time but not 
fleeting. The nation’s bill for corrosion 
variously estimated the range 
billion billion dollars year. 


result, American industry be- 
coming increasingly aware the im- 
portance the corrosion engineer 
our was not too many years 
ago when corrosion 
thing that had 
lived with, like rain 
and 
placement and repair 
corroded plant 
was accepted reg- 
nance. Little thought 
was given the pos- 
sibility preventive 
measures. 

The corrosion en- 
gineer must sort 
hydra-headed individual. must 
many cases, salesman. 


Noppel 


Training and Skill Needed 


technologist must have the 
training and skill able anticipate 
and recognize corrosion problem and 


* A luncheon talk at the 1955 Spring meeting, 
Northeast Region, National Association of 
Corrosion Engineers, 1955, 
York, N. Y. 

Editor’s Note: E. P. Noppel, a vice-president 

of Ebasco Services, Inc., New York, N. Y., is 

chairman of the NACE Policy and Planning 

Committee. 


May 11, New 


REPRINTS 


Protection and Pipe Lines 
Economic Considerations Pipe Line 


Mitigation Corrosion City Gas Dis- 


Final Report—Effect Exposure Soils 
the properties Asbestos-Cement 
Pipe Melvin Romanoff and Irving 
Denison 


Paints and Coatings 


Gasoline Resistant Tank Coatings 
Cranmer... 

Tests, Properties Corrosion Preventive 
Lubricants for Lead Sheathed Cables 
underground Ducts—A Discussion 
Howard Phelps and Frank Kahn 


Petroleum Production Storage 


Corrosion Condensate and High 
Pressure Sweet Oil Wells 

Symposium Internal Corrosion 
Tankers. Part 3—Corrosion Control 


how apply his knowledge mitigate 
corrosion and keep under control. 

planning control programs must 
convince management that the costs 
the mitigation program will more 
than offset the financial benefits 
attained. 

his third role must sell his cor- 
rosion program management. Man- 
agement interested first, knowing 
how much corrosion particular sit- 
uation costing and, second, how much 
will saved the corrosion control 
program. 

general, management does not have 
time and perhaps some 
knowledge analyze long and de- 
tailed technical report How- 
ever, management well equipped 
cope with the economic aspects 
company’s operations that, present- 
ing corrosion mitigation 
management, important that not 
only the costs the program de- 
termined but that some estimates can 
made the savings which will ac- 
complished. The savings effected result 
increase the net profits the 
enterprise. 


Design Aids Corrosion Mitigation 

past years the corrosion engineer 
has been considered many 
“doctor.” was consulted only 
case trouble similar the services 
mechanic whom you took your 
automobile when you had trouble with 
the engine. Even today, the real role 
the corrosion engineer not fully un- 


articles 
published 


Corrosion Control Gas Lift Wells. 
Shock and Sudbury 

Internal Corrosion Domestic Fuel Oil 
Treseder 


The Cost Corrosion the United 


Relation Corrosion Business Costs 
Aaron Wachter 
Inhibitors 
Prevention Corrosion Cooling Water 


Dicyclohexylammonium Nitrite, Vola- 
tile Corrosion Inhibitor for Corrosion 
Preventive Packaging Wachter, 
Skei and Stillman. 


Factors 
Resistance Aluminum Alloys Weath- 


COR 


derstood and too often plant become 


the responsibility the corrosion 
neer only after has been built 


placed operation. 


Gradually this changing. With 


ern techniques they are being 


veloped, has been shown that through 
planning and design 


proper 
projects, corrosion can eliminated 


where the life the metallic 
greatly increased. This can often 
done much lower cost initially 
awaiting for corrosive conditions 


velop and then trying correct them, 


The buried pipeline good 


how the corrosion engineer can func. 


tion the design stages 
include “corrosion allowance” 

ing the wall thickness buried pipe 
good coatings 
modern methods applying them 


line. Today with 


the time the line constructed, 
called allowance” the wall 


necessary. This represents 


saving steel and one the major 


1500-mile gas transmission this 
saving amounted some 


NACE Has Major Role 


The National Association 
Engineers through its committees, its 
has played major part the 


techniques. Starting with 
small group men primarily interested 
cathodic protection some 


about 5,000. 


When NACE was organized some 


(Continued Page 74) 
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and Nock, Jr., and Resistance 
Aluminum Alloys Contaminated At- 
Wagner and Brown 


Laboratory Studies the Pitting 
Aluminum Aggressive Waters 
Wright and Hugh Godard 


Salt Spray Testing Bibliography Lor- 
raine Voight 
Miscellaneous 


Causes Corrosion Airplanes and 
Methods Prevention 


Corrosion Control Won- 


Why Metals Corrode Uhlig. 


Selling Corrosion Control Program 
Management Whitney, Jr. 


Remittances must accompany all orders for literature the aggregate cost which less than $5. Orders value greater than will 
invoiced requested. Add per package the prices given below for Book Post Registry all addresses outside the United 
Canada and Mexico. Send orders and remittances NACE, 1061 M&M Bldg., Houston Texas. 


August, 


4 
| 
q 
: 
i 
BL 
fi 
4 
q 
50 
a 
q 
q 


NACE NEWS 


hem, 


xample 
ome 
and 
tion 
this $0- 
wall 
Major 
1es this 
tons, 


its 
latively 
erested 
ship 


ten 


Plicoflex now offers the most complete line tapes for pipe- 
line corrosion control. thicknesses, chloride film 
butyl-rubber-laminated, black any one brilliant, 
permanent colors, choice two systems application. Quality 
control manufacture assures maximum uniformity. For more 
detailed information, write, wire phone. 


PLICOFLEX, INC. 


tates, 1566 EAST SLAUSON AVE., LOS ANGELES 11, CALIFORNIA LOGAN 8-4335 
TRADE MARK 5830 HARVEY WILSON DRIVE, HOUSTON, TEXAS 8-3343 
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Role and 
(Continued From Page 72) 


years ago, had five regional divisions 


and practically sections. Today 
have one additional regional division 


covering the Dominion Canada and 
nearly sections. 

Our association corrosion engineers 
organized all levels industry. 
The sections provide for consideration 
and discussion wide range cor- 
Through the regional meetings, such 
you are having this week, provision 
made for study and discussion cor- 
rosion problems somewhat broader 
base than the sections. 

Through the national association with 
its annual meeting, its various technical 
practices committees and the Corrosion 
magazine, have provision for con- 
sideration the broad problems cor- 
rosion national basis. The corrosion 
engineer has opportunity through 
these varied activities learn the 
major advances the field corrosion 
mitigation. 


Technical Committees Important 


discussing the role the corrosion 
engineer industry today important 
touch briefly upon the activities 
the technical committees NACE. 
These provide excellent means 
participate corrosion work. Perhaps 
other place are much data and 
experience made known and circulated 
interested persons. Technical reports 
published the committees are the re- 
sult pooled information from large 
number companies covering wide 
range experience. 

Corrosion control methods 
niques are being constantly improved. 
adequately take his part American 
industry, the corrosion engineer must 
keep abreast these improved methods 
and techniques. 

NACE through its sectional, regional 
and national organization offers him this 
opportunity. 

The activities NACE the field 
corrosion have stimulated interest 
different parts the world. have 
received inquiries from Venezuela and 
Israel some form affiliation. 
recent article publication 
“Corrosion Technology” the 
steps that are being taken England 
organize British association similar 
our own. 

The general public becoming cor- 
rosion conscious. The real estate sales- 
man impresses his customers with re- 
marks about glass-lined hot water tanks 
protected with magnesium rod, and 
brass copper tubing for the piping 
system. 

The gasoline filling station 
points out the advantages his anti- 
freeze radiator compound which con- 
tains rust inhibitors protect the radi- 
ator from corrosion. 


operator 


Interest Widespread 

The automobile salesman finds easy 
convince purchasers that undercoat- 
ing their automobile bodies good 
investment. This increasing recognition 
the part the public the impor- 
tance mitigating corrosion causes the 
manufacturer to pay attention to cor- 
rosion control the design his prod- 
ucts and brings the corrosion engineer 
into new range activity modern 
industry. 

industry today the corrosion engi- 


neer must versatile. One example 
the varied roles called upon 


assume recent inquiry which 


use which duct run Carrying 
electric power cables 
with black widow spiders. The problem 
put the corrosion engineer 
case was: Would DDT other moder 
insecticides effectively kill the 
and, so, what effect would have 
cable insulations coverings, 
One the things learned that 
spider not insect but 

hear lot today about the im. 
portance site selection for industrial 
plants. This field which the cor. 
rosion engineer can play 
part conducting soil surveys 
various sites under consideration, Many 
industrial plants involve invest. 
ment underground piping other 
metallic structures. 

past years some 
underground piping have been located 
cinder fills with the result 
tremely high maintenance were 
tated corrosion. 


Corrosion Problems Very 


Where metallic structures are located 
cinder fills, the corrosion 
called upon cope with 
difficult problem. Cathodic 
not completely effective duc the 
shielding effects carbon 
the cinders contacting the pipe. 


hear daily about atomic energy 
for peace-time applications, cur 
rent rapid development atomic energy 
sulting many new problems relating 
corrosion. understand the metal- 
lurgical and corrosion problems this 
field are some the most difficult ones 
requiring solution. 

There another important role the 
corrosion engineer plays industry and 
that has with the conservation 
our natural resources various metals. 
Industry cannot afford overlook the 
quirement any more than can afford 
uninterested its own economic 
advance. 

NACE the only association organized 
national basis devoting its 
rosion. offers opportunity 
these activities enhance 
the importance the role played 
the corrosion engineer 
dustry. 

The big problem today not only 
the control corrosion 
after they are built, but 
against corrosion every feasible wa) 
rather than try mitigate some 
later date. 


Fontana Teaches Aruba 


Mars Fontana, chairman the 


ing, Ohio State University, 
the Netherlands West Indies 


two corrosion courses emp! 


Lago Oil and Transport Co. For 
tana went the Dominican 
after leaving Aruba before 


Haiti, Jamaica and back home 
his family. 
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Milk lime rotameter, used the control the 
the stock double-shaft mixer. The piping 
Uscolite with Uscolite (Hills-McCanna) valves. 


The paper mill, located Pennsylvania, selected U.S. 
Uscolite® plastic pipe because it’s immune the corrosive 


the bleaching and requires Uscolite pipe and fittings are made the broadest and 
eep. The piping previously used just couldn’t stand the gaff. largest line stock sizes the market. Sizes run from 
Made United States Rubber Company, Uscolite 

extremely tough but lightweight thermoplastic pipe. 

imparts odor, taste discoloration. threaded and For replacement completely new piping, get touch 
assembled with ordinary piping tools—without special prep- with any the “U.S.” District Sales Offices writé 
aration. Uscolite use thousands installations address below. Immediate delivery standard sizes and 
industry where constant control chemicals, azids threaded fittings. The Uscolite valve avail- 
corrosion problem. able for your piping assembly. 


“U.S.” Research perfects U.S. Industry depends it. 
“U.S.” Production builds 


UNITED STATES RUBBER 
MECHANICAL GOODS DIVISION ROCKEFELLER CENTER, NEW YORK 20, 


Molded anv Extruded Rubber and Plastic Products « Protective Linings and Coatings « Conductive Rubber ¢ Adhesives ¢ Roll Coverings ¢ Mats and Matting 
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Hose Belting Expansion Joints Rubber-to-metal Products Oil Field Specialties Plastic Pipe and Fittings Grinding Wheels Packings Tapes 
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First line defense against corrosion 
located the heart the 
pipe mill area 


For maximum pro- 

tection, pays 

coat and wrap your 

steel pipe direct from the tube mill. headquarters for this 
service the Pittsburgh switching district, PLS-Glenwillard 
serves the pipe mills Pennsylvania, Ohio and West Virginia 
with the most modern, under-roof facilities for cleaning, prim- 
ing, coating and wrapping. Here, all seven PLS plants, 
long experience and skill are combined with PLS-designed 
equipment give you the most for your money through uni- 
form, high-quality protection. 


PIPE LINE SERVICE CORPORATION 


Pioneers Pipe Protection 


General Offices and Plant: Franklin Park, Illinois 


Plants also Glenwillard, Penna.; Greggton (Longview), Texas; Corpus Christi, Texas; Harvey, La.; 
Sparrows Point, Md.; and Monmouth Junction, 


Gasoline Plant Corrosion 
Discussed Houston 


Gasoline Plant Corrosion was the tech. 
Section meeting. Fincher, 
Water Associated Oil Company was the 
speaker. Mr. Fincher listed seven causes 
gasoline plant corrosion. They are: 
Dissimilar metals electrolyte 
absorption water acid gases from 
the hydrocarbon stream, organic acids 
from producing wells, recirculating 
ing water containing oxygen, carbon di- 
oxide absorbed condensed steam, soils 
and oxygen. 

example money saved cor- 
rosion control, Mr. Fincher told 
24-mile products line being severely 
roded. Ten leaks occurred each 
one costing about $285 for plus 
$1000 lost production. Since with 
cathodic protection, there has only 
one leak, with about $9000 spent 
the line, less than expenses walk- 
ing the line. 


Price Back Issues 
Corrosion Increased 


The price back issues 
three more years old in- 
NACE Executive Committee. The price 
applies both members 
bers. This means that all is- 
sues published 1945-51 
cost per copy postpaid. 

The usual additional book post regis- 
try fee 65c per package applies 
orders addressed persons outside the 
United States, Canada and Mexico. 

annual index the abstracts pub- 
lished the Corrosion Abstracts 
tion published December. 


Lapel Pins 


Approximately 7/16 inches high, 
gold, inlaid with bright red 
enamel background “NACE” 
and deep blue enamel back- 
ground words “CORROSION 
CONTROL.” Ruby center. 


For Association Members Only 


$10 


Address Orders 
Campbell, Executive Secretary 
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industry Backing Sought 
For Corrosion Research 


The Corrosion Research Council 
formed with the aid the American 
Institute Mining and Metallurgical 
the Intersociety Corrosion 
and 
Society expecting financial backing 
from for research program. 
The ini aims the group, are in- 
creased scientific data and 
close peration among scientists in 
mistry, physical metallurgy, 
solid-sta physics, physics, 
surface emistry and physics and others. 
Uhlig, head the Massachu- 
setts Technology’s Corro- 
sion ratory head the organiz- 
ing 
The Foundation has given 
grants contingency follows: 
$3000 project Prevention_of 
Water Pipes and Re- 
search Corrosion, $4000 with 
$30,000. 


Committee for Tappi 
Plastics Meeting Named 


Pullman, American Cyanamid 
chairman The American Pulp 
and Paper Institute’s plastic committee 
has named the committee for the Tappi 
National Plastics Meeting. With theme 
“Fibers and Plastics for Laminates,” 
the meeting will held Brooklyn, 
November 14-15. 

Members the committee are: 
Mark, Polytechnic Institute Brooklyn, 
general chairman; Hardy, Foster 
Snell, Inc., technical 
man; Lindenfelser, Amercian Cyan- 
amid Co., local arrangements chair- 
man. Stannet, New York State 
College Forestry, secretary the 
plastics committee and Mr. Pullman also 
are members the national meetings 
committee. 


European Federation 
Corrosion Formed 


Thirty-three technical scientific 
societies from eight European countries 
(Germany, France, Italy, Luxemburg, 


Austria, Sweden, Switzerland, Spain) 
met during the Convention Chemical 
Frankfurt-am-Main May 
discuss the phenomena and causes 
corrosion. federation was formed 
among the organizations with headquar- 
ters Paris and Frankfurt. 

Nine German scientific and technical 
Societies have joined form the 
Arbeitgemeinshaft Korrosion with head- 


quarters Dechema, Frankfurt-am- 
Main, 


Abstracts published NACE Bib- 
liographic Surveys Corrosion are ob- 


from more than abstracting 
agencies, 


Announces Changes 
Several Steel Classes 


The American Iron and 
tute has announced changes the pub- 
lished analyses the 501 and 502 heat 
resisting steels and additions the 300 
and 400 series. Six types have undergone 
changes maximum allowable carbon 
content provided for standard com- 
positions. These are 301, 302, 302B, 316, 
317 and 446. 

Changes chemical composition were 
made Types 304, 304L, 317, 321, 347 
and 405. Type 321 there has been 
increase nickel content 
11.00 9.00/12.00. Nickel content has 
been increased for Type 348, Maximum 
carbon content Type 446 
reduced from 0.35 

Types 303Se, 416Se and 430F have 
improved machinability through the ad- 
dition selenium. 


Titanium Lectures Planned 
For Practicing Engineers 


Lectures titanium designed for 
practicing engineers will given the 
New York University College Engi- 
neering September 12-16. Engineers and 
scientists from industry and members 
the NYU faculty will present talks 
covering, among other topics, phase 
diagram metallography and alloying, 
heat treatment and mechanical prop- 
erties; mechanical metallurgy, analysis, 
corrosion fabrication 
and applications. ASM cooperating 
presenting the series. Registration ends 
August 20. 


New Stress-Strain Meter 


Impact described terms dy- 
new instrument called the “impact tube.” 
was developed the Research Di- 
vision the New York University 
College Engineering and described 
the June issue the NYU Engi- 
neering Research Review. Copies the 
publication are available request from 
the Office Information Service, New 
York University, University Heights, 


Packaging Course Set 
Stevens Institute 


The Industries Training School 
Stevens Institute Technology, Ho- 
boken, will open course Sep- 
tember the application new 
concepts packaging and materials 
handling production, warehousing and 
shipping. Topics will include modern 
techniques pertaining various kinds 
containers, packaging machinery and 
package testing methods. 

Registration ends September for 
the one-night-a-week courses open 
men with high school diplomas. 


BOOK REVIEWS 


Aluminum Paint and Powder. Junius 
Edwards and Robert Wray, 
Aluminum Research Laboratories; Al- 
coa. inches, 219-pages, cloth. 
1955. Reinhold Publishing Corp., 430 
Park Ave., New York 22, Per copy 
$4.50. 

Third edition. Book provides explana- 
tion manufacture, properties and test- 
ing aluminum powder with special 
emphasis processes involved, color, 
brilliance, leafing, density, grading and 
handling well performance data 
and reterences. Chapter aluminum 
paint composition gives information 
varnish, lacquer, silicone resin and bitu- 
minous vehicles, grade and amount 
aluminum pigment and includes refer- 
ences. 

Aluminum research laboratories tests, 
importance film thickness, pigment 
concentrations, comparison with other 
paints, priming costs for steel and paint- 
ing aluminum, magnesium, zinc, steel 
and aluminum alloys for marine service 
are subjects included chapter 
aluminum paint protection metals. 
Another chapter special properties 
and uses paint describes subjects such 
reflectance, visibility, painting inte- 
riors and aluminum paint for oil tanks, 
structures, furnaces and radiators 
well water vapor transfer, resistance 
sulfur compounds and electrical con- 
ductivity. Book replete with tables, 
graphs and illustrations. 


Bibliographic Survey Corrosion, 1950- 
51. 430 pages, inches, cloth. 
1955. Compiled Irene Hum- 
phrey. National Association Cor- 
Houston Texas. Per copy, members 
NACE $10; non-members, $12.50. 

The fourth the series bibliographies 

corrosion literature published 

NACE. Abstracts are for articles and 

books published the biennium 1950- 

51. Each article abstracted with title, 

names authors, volume, number 

issue, inclusive pages, year publica- 
tion and date issue plus abstract. 

Abstracts are from the some agencies 

that authorize NACE use their ab- 

stracts and range from the indicative 
the informative. 

The book includes 4454 abstracts, in- 
dexes 4047 authors, has cross-indexing 
after each topical subdivision. Topics 
are those the NACE Abstract Filing 
System Index. There also compre- 
hensive alphabetical subject index. 


Vapor Plating. 158 pages, 534 
Campbell and Gonser. John 
Wiley Sons, Inc., 440 Fourth Ave., 
New York 16, Per copy, $5.50. 

After brief historical summary about 

the vapor deposition process the book 

opens with 3-page table listing the 

metals and alloys used for vapor deposi- 

tion, with physical characteristics 
(Continued Page 78) 
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each, Coating apparatus described and 
characteristics, adhesion and other con- 
siderations reviewed and illustrated. 
vapor deposited metals, followed suc- 
ceeding chapters carbides, nitrides, 
boron, silicides and oxides, References 
are appended after each chapter. 

author and alphabetical subject 
index are included. 


Report the Activities Commission 
No. for Protection Against Corro- 
sion ABEM. II. Technical Report. 
inches. March, 1955, Anonymous. As- 


Crose Pipeline 
858 


sociation Belge Pour L’Etude, L’Essai 
L’Emploi des Materiaux, 38, Rue 
Naples, Brussels, Belg. Price not 
indicated. 


illustrated report the 1954 work 
done the Belgian commission for 
protection against corrosion. Organiza- 
tion and details concerning the prog- 
ress tests materials atmospheric, 
marine and laboratory environments are 
given. program new investigations 
outlined and list publications is- 
sued during 1954 included. 


Proceedings. Meeting Centre Belge 
D’Etude Corrosion. Anonymous. 
French, pages, 1134 inches. 
April, Centre Belge D’Etude 
Corrosion, Rue des Drapiers, 
Brussels, Belg. Price not indicated. 


Proceedings meeting Cebelcor 


Quality spectrographically analyzed 
anodes. 


Fast Service anodes. 


Custom manufacturing for special 
problems. 


Consulting and engineering 


service. 


save money when you depend 
AN-SPEC anode specialists our 
only business cathodic portection 
and our goal better and faster 
service. Our specialized ability avail- 
able help you solve all your 
cathodic protection problems. 


Pipeline Supply Compan 
Houston, Texas 


CORROSION—NATIONAL ASSOCIATION CORROSION ENGINEERS 


held April 13-14, 1955. Reports are 
the progress the_ studies being 
conducted Cebelcor. Numerous 
grams data are included illustrating 
the thermodynamics the varioys 
problems under study. 

list the publications issued 
far Cebelcor appended. 


Tentative Specifications for Corrosion. 
Resisting Chromium and 
Nickel Steel Covered Welding Ele. 
trodes. paper. 1955. The 
can Welding Society, West 
St, New York 18, Y., and the 
American Society for Mate. 
rials. Per copy, 40c. 

Eight new classes electrodes are 
cluded this revised edition 
cations. They are two extra low carbon 
grades; two two 
molybdenum grades and grades 
and E318. 

Test methods, weld metal com 
requirements, standard sizes and lengths 
the proper electrode are includ: 


Tentative Specifications for Low Alloy 
Arc-Welding 
pages, paper. June, Amer- 
ican Welding Society, West 39th 
New York 18, Y., and 
ican Society for Testing 
Price, per copy, 40c. 

Electrodes are classed chemical an- 

alysis addition the usual 

cation mechanical propertics. This 
will permit user choose that 
will provide weld metal properties 
and characteristics 
will match basis metal closely corro- 
sion resistance and otherwise. ap- 
pendix provides useful guide the 
understanding and best use the spe- 
cification, 


Chemical Behavior Aluminum. 
pages, 834 inches, cloth. 
Anonymous. (In German) Aluminum 
Verlag GmbH, Jagerhofstrasse 26/29, 
Dusseldorf, Germany. Price not indi- 
cated. 

Narrative and tabulated data the in- 
fluence various physical states and the 
degree which aluminum corroded 
numerous media. There are pages 
tabulated data showing the resistance 
the metal versus specific corrosives, 
index. 


Papers Scheduled for 
Industrial X-Ray Meeting 


Twenty-eight technical papers are 
scheduled presented August 
during the Fourth Annual 
Industrial Applications X-ray 
Analysis. The meeting sponsored 
the Denver Research Institu‘e, Unr 
versity Denver. 


Aluminum Division Formed 


formed within the 
Institute. Basic aluminum 
and frit manufacturers are 
Corp. has been elected 

annual index the abstra:ts pub- 


lished the Corrosion Abstracts 
tion published December. 
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non-stressed, 


surpass that Type 316 stainless. 


enamel which requires ground coat 
has been developed and tested Parker 
Rust Proof Co., cooperation with 
Div., General Motors and 
Pemco Corp., Baltimore, Md. 
& 
Tube-Kote, Inc., Houston has more than 


has 
doubled capacity its 15-acre plant. 

Fittings are produced the in- 
Turns Plastics, Inc., Louis- 
Ky. 


Culligan, inc., Northbrook, has de- 
plastic coating “Cul-Dur” 
-ays can materially lengthen 


reducing 


make heavy duty spur geared hoist 
Ohio Hoist and Mfg. Co., Shaker 
Square, 20, Ohio. The metal, 
besides ving the requisite strength, 
and corrosion resistant, the com- 
pany says 


“Waffle” floor sand blast 
rooms provide true downdraft ventila- 


tion for sandblasting operations 


excavation and using the blasi air 
ventilate well return the abrasive. 
available from Vacu-Blast Co., Bel- 
mont, Cal. 

e 
Koppers Company has been granted 
rights design, construct and license 
plants use the L’Azote process for 
synthesizing ammonia 
refinery gas any other hydrogen 
source. The low cost method was de- 
veloped Belgium. 


Molded Fiberglass Tray Co., Linesville, 
tray for use conveyor belt production 


International Nickel Co., Inc. has 
opened its Southeast States Technical 
Field Section, Development and Re- 


search with headquarters 3179 


Maple Drive E., Atlanta, Ga. 


New Series corrosion resistant 
precipitation hardenable steel 
alloys has been announced the Re- 
search Division Cooper Alloy Corp., 
Hillside, The alloys are designed 
meet the following needs: PH55A— 
High strength, high hardness with fair 


for erosion and abrasion resis- 
‘ance for stressed parts corrosive 


applications. PH55B—A ductile high 
strength alloy medium hardness for 


shock resistance and high 


corrosive applications. PH55C—A very 
high hardness alloy low ductility for 
corrosion resistant 

gall resistant alloy with su- 
are variations the 19Cr, 
Corrosion resistance said 


20Cr, 29Ni Type alloy with 
tance hot sulfuric acid and 
corrosive solutions. 


good res 


GENERAL NEWS 


Manufacturing Co., 6245 Wiehe 
Road, Cincinnatti 13, Ohio, says its non- 
corrosive tank outlets made poly- 
vinyl chloride make strong connection 
with PVC pipes and tanks lined with 


PVC. 


Minneapolis-Honeywell electronic con- 
trols automatically regulate the amount 
lime and caustic fed into industrial 
waste from General Electric’s Electric 
Houseware department Allentown, 
Pa. Chart records are kept the chemi- 
cal content and rate flow wastes 
into municipal sewers. 

6066, aluminum alloy developed 
Harvey Aluminum, Torrance, Cal., 


NOW! 
Low Cost 
Corrosion 

Control 


NICKEL-PLATED 
SEAMLESS 


phenol 


Pipes -Fittings 


The exclusive time-tested BART LECTRO-CLAD 
PROCESS electrolytically deposits corro- 
sion resistant nickel lining the interior 
surface steel pipe from 114” 24” 
diameter and 20-foot random lengths. 


Saves critical nickel, readily available, 
and priced competitively. 


LECTRO-CLAD the answer corrosion and 
contamination problems the conveying 
highly corrosive materials and the 
cost surprisingly modest. 


Write Dept. C-8 
and technical aata. Names large users 
LECTRO-CLAD available request. 


BART MANUFACTURING CORPORATION 
229 Main Street 


used produce high-strength, weldable 
and corrosion resistant specialty tubing. 

Dorber Co., 7741 Palatine Ave., 
Chicago 31, making dissolved 
oxygen analyzer which automatically 
translates diffusion current into units 
dissolved oxygen. The unit not sub- 
ject interference dissolved iron, 
calcium, magnesium, sulfide, nitrites 
organic matter, manufacturers claim. 

Neoprene protective coatings which can 
applied directly received con- 
ventional methods masonry, wood, 
metal, fabric rubber are being pro- 
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chlorinated organics 


hot caustic liquors 


caustic soda 


} 
; 


alcohols 
glycerine 
natural gas 


caustic 


formaldehyde 


Uniform, pore free 
nickel deposit fully 
adherent the 
steel pipe. 


today for complete details 


Belleville New Jersey 


omium. 

‘sa 
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NEW PRODUCTS 


(Continued From Page 79) 


duced Saran Protective Coatings Co., 
2415 Burdette Ave., Ferndale, 20, Mich. 
They are being produced four colors. 
Bulletin No. 103 gives specifications and 
resistance data. 

Reflin Co., 5730 Kearny Villa Rd., San 
Diego, Cal., making complete line 
plastic pipe fittings for use with Reflin 
fiber glass thermosetting corrosion serv- 
ice plastic pipe. 

“M” Treated cotton fiber cloth resist- 


BIBLIOGRAPHIC 


SURVEYS 
CORROSION 


1945 Topically indexed abstracts 
articles and books pub- 


lished 1945. Author index. Subject 


index. 
NACE Non- 
Members Members 


$4.00 $5.00 


1946 Topically indexed ab- 

stracts articles pub- 
lished 1946-47. Author index. Subject 


NACE Non- 
Members Members 


$7.00 $9.00 


1948 Topically indexed ab- 
stracts articles pub- 
lished Author index. Subject 


index. 
NACE Non- 
Members Members 


$10.00 $12.50 
Topically indexed ab- 


950-51 stracts articles pub- 


lished 1950-51. Author index. Subject 


Non- 
Members 


$12.50 


addition the prices shown there 
charge $.65 per package for sending 
volumes registered book post overseas 
addresses. 


Any two more volumes Bibli- 
ographic Surveys Corrosion may 
purchased combination for 
the sum the individual volume 
prices less 


Address all orders and make remit- 
tances payable 
NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


highly resistant mildew, shrinkage 
and wrinkling, according National 
Filter Media Corp., 1717 Dixwell Ave., 
New Haven 14, Conn. 


Type tubeaxial propeller fans pro- 
duced Propellair Div., Robbins 
Myers, Inc., Springfield, Ohio, are rec- 
ommended for handling corrosive ex- 
haust, high temperature explosive 
fumes. Propellers are cast from mag- 
nesium-aluminum alloy has 
greater corrosion resistance mild 
alkalis than usual propeller materials, the 
company says. Special corrosion resist- 
ant coatings can applied the fac- 
tory when specified. 

Hastelloys and have been accepted 
American Society Mechanical En- 
gineers for use unfired pressure ves- 
sels. Specifications covering mechanical 
properties, fabrication, test procedures 
and heat treating are discussed 
ASME Case No. 1173 for Hastelloy 
and Case No. 1194 for Hastelloy 

How Zinc Controls Corrosion, 
trated 32-page and cover brochure ex- 
plains the reason for and describes the 
many uses zinc for the protection 
steel against rust. Copies are available 
from American Zinc Institute, Inc., 
East 42nd St., New York 17, 


e 
Stainless Steel Globe valves available 
from Cooper Alloy Corp., Hillside, J., 
are described and illustrated engi- 
neering drawings sections folder 
available from Cooper Alloy Corp. Prin- 
cipal uses major Cooper alloys are 
tabulated. 

Centrifugal wet dust collectors for con- 
trol hot, moist, corrosive, abrasive 
obnoxious dusts are described bro- 
chure issued Pangborn Corp., Hag- 
erstown, Md. 

Dura-Lite, clear, strong thermoplastic 
which basically methacrylate, has im- 
proved resistance chemical attack, 
crazing and abrasion result ad- 
ditives. This and other plastics are de- 
scribed brochure available from The 
Homalite Corp., Wilmington 166, Del. 

“B” and “C” corrosion resistant nickel- 
molybdenum alloys tubing with excellent 
resistant hydrochloric acid and gen- 
eral usefulness halogen acid service 
are described file folder fact sheet 
available from The Carpenter Steel 
Company, Alloy Tube Division, Union, 
grades described. 

“Half-Second Butyrate,” flat opening, 
42-page, tab indexed brochure file 
folder size describes 
modifications and applications this 
Eastman Chemical Products, Inc., ma- 
terial. available those who for- 
mulate and sell lacquers. wide variety 
detailed information the material 
tabulated. Copies can obtained 
from the company’s Kingsport, Tenn., 
offices. 

Monel and Nickel Corrosion Resistant 
Valves made Alloy Steel Products 
Co., Inc., West Elizabeth Ave., Linden, 
J., are described and illustrated 
folder available from the company. 

e 
Small Sized deaerating heaters for small 
steam generating plants are described 


technical bulletin available from 
Graver Water Conditioning 
West 14th St., New York, 

Tapecoat “X” single-wrap coal tar tape 


for pipe which Tapecoat Company, 


Lyons St., Evanston, IIl., says provides 
protection equal double wrap noy 
quired. Greater coverage, easier 
tion and savings time, 
savings material cost are claimed, 
e 

Titanium and titanium alloy mill prod- 
ucts meeting new O.1 percent 
mum carbon content requirement are be. 
ing produced Mallory-Sharon 
tanium Corp., Niles, Ohio. 


e 
Polyethylene threaded and sleeve fittings 
size are made Arthur 


LaPine Co., 6001 South Knox Ave, 


Chicago 29, 

Rokide coatings that permit 
used temperatures ranging from 300) 
Corp., Waltham, Mass., 
from the Norton Company. 


Kucher-Huhn Co., Inc., 
manufacturer mechanical for 
tating shafts jet and high 
equipment has been purchased Kop- 
pers Co., Inc. will asa 
Department the Koppers Prod- 
ucts Division. 


Rotocycle meters made Rockwell 
Manutacturing Co., are all bronze. 
sign the same the company’s 
carbon steel Roto- 
cycles. 


Pydraul 150 and Pydraul 600 now 
able commercial quantities from 
santo Chemical Company’s 
Chemicals Division for use 


systems. They have the same 


rosive characteristics Pydraul 
The fluids differ from older materials 
viscosity. 

Chempro ring packing, jacketed gaskets 
and molded and machined Teflon parts 
are described respectively 
CP552, CP553 and CP554. Copies the 
bulletins are available request from 
Chemical and Power Products, 
Broadway, New York 

Non-Destructive testing will done 
reorganized department Sam 
Inc., Trinity Place, New York 
netic particle, fluorescent and dye pene- 
trant methods will used the 
and laboratory. 


Chemical Exposition Set 


The Ninth National Chemica! Expost 
tion will held Cleveland 
27-30, 


Nuclear Engineering Session 


scheduled during the 12-10 
Nuclear Engineering and Cot 
gress Cleveland. 

Four Bibliographic Surveys 
sion have been published NAVE 
ering literature published tie 
1945-51 inclusive. 
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ARAN LINED PIPE 


KEEPS SHUTDOWNS MINIMUM 


made corrosion-resistant saran pipe swaged into strong, rigid, nonbursting 
steel. And every piece spark tested before you buy! 


Unscheduled shutdowns are thing the past when you 
use saran lined pipe, fittings and valves convey corro- 
sive liquids. This modern, trouble-free piping corrosion 
resistant forms tight, snug, leakproof joints won’t 
burst under working pressures 150 psi. And every 
single piece saran lined pipe carefully spark tested 
hand sure that there are pinpoint holidays 
cracks its lining. Cast steel lined fittings are available 
for higher pressures. 

Installation costs are surprisingly low with saran lined 
pipes, fittings and valves, too. They can cut and 


SOME THE MANY 
INSTALLATIONS USING 


SARAN LINED 


STEEL PIPE 


Saran Lined Pipe Manufactured 
The Dow Chemical Company 
Midland, Michigan 


you can depend DOW PLASTICS 


large Southeastern paper mill uses saran 
lined pipe handle corrosive alum solution. 
has proved exceptionally satisfactory 
answer eliminating unscheduled shutdowns. 


threaded the field with standard pipe-fitter’s tools. Their 
rigidity means few supporting members are needed. 

you want convey acids, alkalies, other corrosive 
liquids low over-all cost, sure investigate saran 
lined pipe. Contact the Saran Lined Pipe Company, 
2415 Burdette Avenue, Ferndale 20, Michigan, Depart- 
ment SP528D. 


RELATED SARAN PRODUCTS 


Tank lining Saran rubber molding stock Saran 
tubing and fittings Saran pipe and fittings. 


This installation large Midwest company 
has conveyed highly corrosive hydrochloric acid 
for over seven years. The joints have remained 
tight and new. 


4 
216 
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TAPECOAT-X comes widths 2”, and 6”. 
is easy to apply and bonds readily to the surface with 
the flash torch. Wrapping done spirally with only 


overlap. 


XTRA COAL TAR! Provides additional thickness the same 
high quality coal tar that has distinguished TAPECOAT 
since 1941. 


XTRA COVERAGE! Added coal tar thickness permits single 
wrap for same effective protection present double- 
wrap method. 


XTRA SAVINGS TIME AND LABOR! Faster application 
means lower labor cost. 


XTRA SAVINGS MATERIAL! Single-wrapping with TAPE- 
COAT-X requires less material, lowers cost. 


XTRA CONVENIENCE! New type, self-disposing liner facili- 
tates unrolling, speeds application, never gets your 
way. 


XTRA ECONOMY! goes farther, gives you more 
value for your protection dollar. 


Write today for the complete facts this timely de- 
velopment for protecting pipe, pipe joints, mechanical 
couplings, tanks and other steel surfaces vulnerable 
corrosion, above and below ground. 


1521 Lyons St., Evanston, 


PERSONALS 


Lee has been named senior engi- 
neer and charge corrosion and 
materials engineering the Develop. 
ment and Engineering Department 
National Lead Co., Titanium Div., South 
Amboy, 


Chester Lewis, Chief Librarian 
the New York Times has been installed 
president the Special Libraries 
sociation its annual business 
June Detroit. 


John Hopkins has been named 
sistant manager the Southern Djs. 
trict sales office Becco Diy. 
Food Chemical Company 
Wallace Nyce, man- 
ager, Exide Industrial Division The 
Electric Storage Battery Co., retired 
June after years with the 


Raymond Higgons has been ap- 
pointed sales engineer with 
Copper and Tanks Works, Port- 
land, Me. 


David Burnett Scott, Western sales 
manager for American Potash and 
Chemical Corp., until his retirenient 
1952 died heart attack June 
Altadena, Cal. 


Ralph Hudson has been appointed 
chief the Cryogenic Physics Section 
the Heat and Power Division the 
National Bureau Standards. 


Adm. Alan Kirk has been 
president Alloy Precision Castings 
Cleveland, Frank Glaser has 
been named general manager Alloy. 


Harry Burdoff, vice-president the 
Lunkenheimer Corp., Cincinnati, re- 
tired after years with the company. 


Richard Milliken has joined the Met- 
allurgical Development Div., Climax 
Molybdenum Co., specialist proc- 
ess industries and petroleum refining. 


Harry Smith, Jr., has been elected 
vice-president Aluminum Company 
America. will direct the company’s 
New Kensington and Cleveland Sales 
development divisions and the com- 
pany’s division commercial research. 


Sidney Smith, formerly 
Sales Manager, has been promoted 
the newly created position General 
Sales Manager Napko Paint Co. 
Houston. Ben Russell, 
has been put charge the 
Dallas regional office. 


Everett Partridge, Director, 
Laboratories, Inc., Pittsburgh, has been 
given the second Max Hecht Award 
the American Society for 
terials. The award given 
engineering material. 

Albert Amorosi has been 
chemist Alox Corp., Niagara Falls 
New York. 

Hamilton Gray, professor civil 


(Continued Page 84) 
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crossings installed 
since 1950... equipped with 


TYPE WMSEAL CASING BUS 
HING 


Write for literature 


Oo. £0375 TULSA 9, OKLAHOMA 


Amarillo Casper * Provo, Utah Joliet, illinois Los Angeles San 


Houston « Pittsburgh Kenilworth, N. J. 
Ontario * Calgary * Buenos Aires * Durban, Natal, South Africa 


NTATIVES Francisco « Bartlesville, Okla. * Edmonton * London, 
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IT’S 

WORTH 
PROTECTING 

IT’S 
PROTECTING 


WELL 


Why risk failure well engineered cathodic protection 
system using inferior materials 


For positive protection pipelines and other under- 
ground metal structures, use Federated Magnesium Anodes. 
Note these exclusive features: 


Patented electro-galvanized, spiral wound strip core 
completely bonded the magnesium alloy for perfect 
electrical contact. 

Full length core assures complete anode consumption. 

Silver soldered, connecting wire joints provide depend- 
able, high-strength low-resistance joints. 


Federated makes the widest selection magnesium 
anodes the field. All regular sizes and specifications 
are available, and special requirements can met. 

complete line zinc anodes also available made 
from Special High Grade low iron anode zinc. 


Corrosion Advisory Service your disposal through 
plants and sales offices. 


DIVISION AMERICAN SMELTING AND REFINING COMPANY 
120 BROADWAY, NEW YORK 
CANADA: FEDERATED METALS CANADA, LTD., TORONTO AND MONTREAL 


ALUMINUM, MAGNESIUM, BABBITTS, BRASS, BRONZE, ANODES, ZINC DUST 
DIE CASTING METALS, LEAD AND LEAD PRODUCTS, SOLDERS, TYPE METALS 


PERSONALS 


(Continued From Page 


gineering the University Maine 
been given the chairmanship with the 
rank professor the department 
civil engineering the College 
gineering Ohio State University, 
will assume his duties October 

& 


William Drake succeeded George 
Salt Manufacturing Co. July 
the board and chairman 
Pennsalt International Corp 


Roger Sutton, senior 
the Argonne National 
the past years has joined th: 
opment and Research Division The 
International Nickel Co., 


member the Stainless Steel 


Resistant Alloys Section. 
e 


Organic Research Temple iversity, 
has joined Pennsylvania Salt 
turing Company’s research and 
ment staff senior research 
will specialize organic fluorine 
chemistry. 


George Betz has been appointed 


manager sales, Chemicals Metals 
Dept., Metal Thermit Corp., New 
York. Henry Mahlstedt has been 
manager sales United 
Division, Metal Thermit Corp. 

Frank Elliott has become president 
Crane Co., Chicago. 


Tacke, formerly project engineer, 
has been promoted chief 
ment, Temco Aircraft Corp., Dallas. 


Samuel Zerfoss, physical chemist, has 
joined Mineral Products Division the 
National Bureau Standards engage 
temperature. 

® 
Joseph McClernon, the charge 
International Paint Company, 
terlux Division for years, beet 
named manager Southeastern 
sion the company with headquarters 
Daytona, Fla. The office New 
York salesmanager vacated Mr. 
Clernon will filled George Carlin, 
who for years was 
manager. 

e 
Carl Freeman has been 
tive vice president American Agile 
Corp., Maple Heights, Ohio. 


James Reynolds has been 
president-operations Alco 
Inc. 

. 
Corp. McLeese has been 
general sales manager the 

Frank Jardine, pioneer 
from his position technical 
Aluminum Company Am: rica. 
the company. 
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sections Transcontinental’s new 36-inch 
are coated with Copon Internal Pipe 
for efficient delivery cleaner gas 


fluorine 
Here are the simple, factual reasons why more 
and more transmission lines are using COPON: 


Proven protection against corrosion. 
Complete internal protection pipe during 
stockpiling, transportation and laying line. 
Reduced cost using scrubbers and strainers. 
Cleaner gas delivery greatly reduces mainte- 
resident nance and labor costs. 
Over the COPON times cost. yard where will chemically cleaned and sprayed internally with Copon, 
technicians can give your corrosion engineers, and 
others your company responsible for obtaining most 
operation, detailed evidence Copon’s exclu- 


the Richards yard Orange, 


In- 
COAST PAINT LACQUER CO., INC. 
Carlin, Box 1113, Houston Texas 
Pipe Coating. 
each. This pipe 
) 
sultan! 
ica, BOX 1113, HOUSTON TEXAS 
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Report Investigation Titanium-Nitric Acid Explosion 


Probers Say Friction 
Triggered Ignition 
Pyrophoric Material 


Introduction 


CHEMICAL Labo- 

ratory the College Park, Mary- 
land, Station the Federal Bureau 
Mines was rocked explosion 
December 29, 1953. The accident oc- 
curred while Walter Acherman, 
chemist, was performing routine ma- 
nipulation during corrosion experiment 
involving commercially pure 
and red-fuming nitric acid. There was 
sudden and very violent reaction and 
large quantity acid was thrown over 
Mr. Acherman, causing serious injury. 

Golden, chief the Chemical 
Corrosion Section, was exposed nitric 
acid fumes during the ensuing rescue 
operations and died January 25, 1954. 
According the medical report, the 
direct cause Mr. Golden’s death was 
pulmonary edema and confluent bron- 
chopneumonia; the contributory cause 
was inhalation fumes from red fum- 
ing nitric acid. 

the time the accident, Mr. 
Acherman was working group 
corrosion tests involving 118 titanium 
specimens and approximately seven 
liters red fuming nitric acid. The 
specimens were Erlenmeyer flasks 
equipped with stopcocks. The flasks 
were placed side side two heavy 
pyrex glass trays (18 inches) 
fume The flasks were never 
more than one-half inch apart the 
trays and some instances may have 
been contact. Although apprecia- 
ble pressure was noted, was routine 
procedure these tests vent the 
flasks the atmosphere 24-hour in- 
tervals means the stopcocks 
make sure that great pressure buildup 
would occur. Mr. Acherman 
gaged this task when the accident 
occurred. was wearing rubber gloves 
but goggles. the beginning this 
particular experiment had worn both 
these safety devices but had discon- 
tinued the use goggles after several 
days during which unusual pressures 
were noted the flasks. 

The flasks were the hood just out- 
side the balance room, adjacent the 
floor fan. Apparently Mr. Acherman had 
just touched one the flasks when 
violent reaction occurred, accompanied 
loud noise. Almost all the glass- 
ware, including the heavy trays, was 
broken. 

Acid was thrown over Mr. Acher- 
man’s face and body, over equipment 
and the floor distance more 
than feet from the hood opening. The 
force generated was sufficient throw 
least one specimen, weighing about 
eight grams, feet; only trace 
acid was found the rear face the 
The laboratory was quickly filled 
with heavy brown nitric acid fumes. Mr. 


* Abridged from “Investigation of Accident 
Involving Titanium and Red Fuming Nitric 
Acid, December 29, 1953,’’ Bureau of Mines 
Information Circular 7711, U. S. Dept. of 
Interior, March, 1955. Authors: P. M. Am- 
brose, Chief, Metallurgical Div., Reg. VIII; 
J. C. Barrett, Chief, Physical Metallurgy 
Branch; R. W. Huber, Chief, Metals and Al- 
loys Section; David Schlain, Galvanic Cor- 
rosion Section; V. C. Petersen, Metallurgist, 
Bureau of Mines, all of College Park, Md. 


Acherman was blinded and immediately 
began feel intense pain. managed 
reach sink the left side the 
room but was unable help himself 
further. stated later that fell 
the floor before reaching the sink. How- 
ever, Miss Campbell, the only witness 
the accident, stated that she heard 
click just before she heard the loud 
noise and that Mr. Acherman staggered 
back from the hood but did not fall 
the floor. This discrepancy may arise 
from the fact that Mr. Acherman, 
moving back from the hood opening, 
came contact with the bench located 
front the hood, wet his elbows with 
the acid just thrown there the reac- 
tion and received the impression being 
the floor. 

Persons who heard the noise the 
accident compared the sound muf- 
fled thud, the breaking glass 
tube, shotgun blast. Six men 
working nearby laboratories rushed 
render first men led Mr. 
Acherman from the sink the vicinity 
second sink and the shower. the 
shower chain was pulled off the ex- 
citement, hose the sink was used 
flush the victim, particularly about the 
eyes and head. few seconds later 
second hose was put into play from 
adjacent sink; this was used for flushing 
the lower half the victim’s body. 
3:58 p.m. Mr. Acherman was taken 
local hospital. 

While some the men attended the 
victim others opened the windows the 
building, started the ventilating fans and 
brought additional fans clear the 
atmosphere. Sodium carbonate 
dium bicarbonate were spread over the 
woodwork neutralize the acid. There 
was fire. During these operations 
Golden were exposed acid 
fumes inhalation. present, how- 
ever, Mr. Golden the only person 
definitely known have been seriously 
affected the nitric-acid fumes. 


Summary Corrosion Tests 
Tests Carried Out Before December 1953 


The Chemical Corrosion Section 
part the Physical Metallurgy Branch, 
Metallurgical Division, Region VIII, 
and has its specific function the study 
the chemical corrosion behavior 
metals with view toward evaluating 
these metals materials construc- 
tion, The emphasis since organization 
this group about eight years ago has 
been titanium and zirconium and 
alloys these metals. wide variety 
corrosion media has been used. 

Reports and laboratory records show 
that the study the corrosion proper- 
ties titanium red fuming nitric acid 
(hereinafter referred RFNA) was 
initiated the laboratory April 1948 
and that experiments were carried out 
four separate occasions before June 
30, 1950. The work was done loosely 
covered vessels, usually room temper- 
ature, with acid containing percent 
nitric acid, percent and 
percent water. The titanium specimens 
were cut from sheet rolled 
consolidated powder metallurgy tech- 
niques. The sheet contained 0.04 percent 
carbon, 0.10 percent iron, 
amounts various other impurities. 
Some specimens were 
immersion, others were used the cold- 
rolled condition. All specimens were 
uniformly surfaced. Corrosion rates ob- 


tained these tests varied from 
0.26 mil per year (mpy) and the 
specimens showed visible signs 
attack except occasional slight 
Between 1948 and 1951 there 
were also many experiments which 
specimens zirconium alloys were ex. 
posed FRNA. Few, any were 
done with titanium RFNA 


1951 and 1952. 


Stress Corrosion Tests Included 

Work with titanium RFNA 
resumed early 1953 and circumstances 
indicate that least some the acid 
used during this period contained 
included stress-corrosion tests 
conium, titanium, alloys 
and evaluation titanium 
and spot welds. 

Four groups 30-day tests 
RFNA were completed before 
ber 1953, All these tests were carried 
out room temperature vessels con- 
taining single specimens titanium and 
about 250 ml. nonaerated, 
Specimens were cut from 
cially pure, percent, tita- 
nium sheet made from sponge are 
melting, Some specimens were 
after spotwelding. Specimens were de- 
greased but not surfaced before immer- 
sion the acid. Specimens groups 
titanium (yield strength 75,000 psi) con- 
taining 0.15 percent iron and 0.06 per- 
cent carbon. Group included specimens 
titanium (yield strength psi) 
from another manufacturer; 
tained 0.21 percent iron and 0.04 percent 
carbon. 

The first three groups experiments 
were done loosely covered vessels, 
but the last group was carried out 
tightly sealed bottles. the first group 
tests the average corrosion rate was 
mpy; there was stress-corrosion crack- 
ing around the perimeters the spot 
welds and large losses shear strength. 

the next group tests the average 
corrosion rates were only 0.03 for 
annealed specimens and 0.13 mpy ior 
unannealed specimens; there was loss 
shear strength and sign crack- 
ing. 

The average corrosion rates for the 
third group tests were 0.03 mpy for 
annealed specimens and 0.72 for 
nealed Again there was 
loss shear strength and cracking. 

the fourth group tests the aver- 
age corrosion rate was mpy. There 
corrosion cracking around 
the perimeters the spot welds and 
severe intergranular corrosion and 
eral embrittlement throughout tlie 
men. Shear strength could 
termined because the specimens 
broke points away from 
welds. 


Tests Involved Accident 

These tests were planned 
the effects such factors 
ing, annealing and the 
mens RFNA. The criteria 
changes weight, the 
stress corrosion cracking the 
perimeter the spot weld, 
shear strength the spot 
general embrittlement. 

The spot-welded specimens used 

(Continued Page 88) 
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UST Corrosio 


Plastic Molded 
and 
Valve Linings, 

Valve Diaphragms, 
Ring Seals, 
Gauge Crystals, 
KEL-F Dispersion 
Laminated 

Tanks, Vessels, 

Tubing 
can protect your 

plant equipment 
chemical 


KEL-F Fluorocarbon Plastic the non-permeable, 
corrosion-proof material available today. inert virtually 
any type chemical mineral acids, oxidiz- 
ing agents well strong caustics. When nothing else will 
protect equipment, KEL-F Plastic usually will. 


HERE ARE SOME ITS OUTSTANDING CHARACTERISTICS: 
Temperature Tolerance 
Exhibits satisfactory properties over temperature range 
approximately 710°F. (—320°F. 390°F.) 


High Compressive Strength 
Pressures 8,000 psi result only permanent 
set. Line seals are retained longer when gaskets and O-ring 
seals are made KEL-F Plastics. 


Plastic non-wetting even after long periods 
Surface anti-fouling when contact with 


the most viscous 


KEL-F Plastic thermoplastic and easy fabricate. 
readily molded extrusion, transfer and injection. Available 
sheets, rods, tubing and film, can fabricated, heat 
formed, machined and heat-sealed growing list ex- 
perienced fabricators. 


New! KEL-F Plastic Dispersions 
KEL-F Plastic Dispersions have been developed for bake- 
coating metallic surfaces that must corrosion resistant, 
anti-adhesive and electrically non-conductive. These Disper- 
sions can applied spraying, spreading dipping. 
The full story what KEL-F will for you worth having. 
Write call for additional information. 


THE KELLOGG COMPANY 


Chemical Manufacturing Division, P. O. Box 469, Jersey City, N. J. 
SUBSIDIARY PULLMAN INCORPORATED 
Registered trademark The Kellogg Company’s fluorocarbon polymers. 


KELLOGG 
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these tests were prepared 
mercially pure titanium (55,000 psi yield 
strength) from manufacturer The 
parent metal contained 0.4 percent iron, 
0.2, carbon, 0.02, manganese, 0.02, nitro- 
gen, and 0.005, magnesium, The sheet 
stock was approximately 0.040 inch 
thick and each specimen consisted 
two %-inch pieces metal spot 
welded together with overlap. 
There were groups spot-welded 
specimens specimens each. Each 
group was treated according one 
the following procedures: Cold rolled 
reduction thickness 10, 20, 30, 
percent and spot welded; cold 
rolled 10, 20, 30, percent spot 
welded, and annealed; hot rolled per- 
cent 1,200 and spot welded. 

make possible correlate the 
results these experiments with earlier 
data, eight unwelded specimens 75,000 
psi yield strength material from manu- 
facturer were included. This material 
contained 0.05 percent carbon, and 0.1 
percent iron, and the same percentages 
the other elements mentioned above. 
Half these specimens 
rolled, and the other half were cold 
rolled and annealed vacuum 800 
All specimens both types had sheared 
edges and some also had rolled edges. 
The specimens were degreased and 
weighed before being immersed acid. 
Spot-welded specimens were immersed 
300 Erlenmeyer flasks equipped 
with stoppers with ground glass joints 
and stopcocks. The stopcocks were lu- 
bricated with silicone stopcock grease; 
the ground-glass flask joints were not 
lubricated. Five specimens were placed 
each flask with about 290 
RFNA, enough cover all specimens 
with least one-fourth inch solution. 
This left approximately void 
space each flask and joint. The posi- 
tion the specimens the flasks may 
described approximately vertical 
small angles from the vertical. The 
single specimens were placed similar 
250 flasks, four specimens per vessel. 

Tests with 108 spot-welded and single 
titanium specimens were begun between 
maining specimens, spot-welded, hot- 
rolled titanium sheet, were immersed 
two flasks 1:45 December 28. 
The flasks, containing 108 specimens, 
were vented ‘daily for six days before 
December The remaining two flasks 
started December 28, were not vented 
before December 29. 

Evidently the corrosion processes, which 
took place between December and 
29, pyrophoric material (prob- 
ably finely divided titanium) certain 
titanium specimens, Some this mate- 
rial was disturbed Mr. Acherman 
vented the flasks, and rapid reac- 
tion with RFNA followed. large 
amount heat was liberated, resulting 
oxidation and even fusion metal. 
Perhaps the shock displaced pyrophoric 
material other specimens, causing 
more reaction and liberation more 
heat. 

Members the Physical Metallurgy 
Branch College Park made ex- 
haustic study the titanium specimens 
involved the accident. The specimens 
low-yield-strength material showed 
much higher weight losses than titanium 
had ever shown before this corrodent. 
Specimens were attacked 
ways and several points, depending 


their preimmersion history, but all 
specimens were attacked. There was 
much evidence the formation and 
spattering molten metal, especially 
sheared edges. Specimens the high- 
yield-strength material did not undergo 
large weight losses but did show signs 
extensive intergranular corrosion. 


Reports Tests Other Laboratories 


During the second half 1953 notes 
appeared Metal Progress and sev- 
eral suppliers’ publications the effect 
that violent reactions had occurred 
several instances when titanium-man- 
ganese alloy had been 
RFNA. One these incidents known 
have occurred the laboratories 
the North American Aviation Co. 
Downey, Cal., when several test speci- 
mens titanium—8 percent manganese 
alloy reacted with RFNA, showering 
chemist with corrosive liquid. The speci- 
mens were attacked and pitted and 
there was evidence fused material. 
Commercially pure titanium the same 
test was unattacked, giving rise the 
theory that the presence manganese 
was necessary for reaction and that 
trouble would ensue from the combina- 
tion commercially pure titanium and 


RFNA 


Behavior Titanium RFNA 


Data the behavior commercially 
pure titanium RFNA, summarized 
above and the appendix, are incon- 
sistent. Titanium was almost inert 
tests carried out from 1948 1950 but 
was attacked this acid many in- 
stances during 1953. Such attack was 
evidenced one more the follow- 
ing ways: Changes weight, cracking 
the spot weld, intergranular corrosion 
and general embrittlement and forma- 
tion pyrophoric material followed 
violent chemical reaction, The only oc- 
known have formed and reacted 
commercially pure titanium was Col- 
lege Park December 29. There 
completely satisfactory explanation for 
this solitary occurrence. However, re- 
view all available information sug- 
gests that certain conditions may have 
had important part the phenome- 
non, These ideas are presented below 
the hope that they may serve basis 
for safety measures 
future experiments this field. 

The presence relatively large 
amounts iron and carbon impuri- 
ties titanium may important 
the formation pyrophoric material. 
Those specimens heavily involved the 
violent reaction December 29, 
shown large weight losses and the 
presence oxidized fused metal, 
contained unusually high percentages 
iron and carbon. the other hand, 
specimens that were relatively low 
iron and carbon never exhibited tend- 
ency react violently, although they 
have undergone sizable weight losses 
and have shown signs intergranular 
corrosion embrittlement. 
Moreover, the manganese content all 
specimens concerned low, indicating 
that the presence manganese not 
necessary for forming pyrophoric mate- 
rial and subsequent reactions. 


Stresses seem increase 
ency for titanium corrode RFNA 
but may may not important 
forming pyrophoric material. Special 
stress-corrosion tests indicated that ti- 
tanium and some its alloys are sus- 
ceptible cracking RFNA, but there 


was evidence unusual 
Fused and oxidized material seemed 
concentrated the sheared edges 
those from the tests De. 
cember 22-29 that were cold rolled 
not stress relieved. the other 
fused metal was also detected pits 
the flat surfaces specimens that were 
annealed. The hot-rolled specimens 
the highest corrosion rate cor. 
rosion was largely the 
Cracking the spot-weld area was 
common, but there was virtually 
dence molten metal. 

The composition the RFNA may 
important. Titanium was resistant 
early tests with acid containing per. 
cent nitric acid, 
dioxide, and 1.5 percent water. 
ever, this work not the 
work 1953 because the tests that 
time were all made loosely covered 
were very low iron and and 
had milled edges and abraded 
The behavior titanium 
tests during 1953. The acid used 
least some these tests 
percent nitrogen dioxide. 

Certain features the expe:imental 
method may also important. this 
laboratory, sealed vessels used 
with RFNA only two groups tests. 
75,000 psi under- 
went very severe intergranular 
and embrittlement. The 
sealed bottles were used. The 
surfacing preparing specimens and 
the use hot-rolled sheet may sig- 
nificant because resulted large, 
inactive, oxidized surfaces 
with small, active, sheared edges. 
Finally, immersion five specimens 
each flasks with relatively small 
volumes corrodent and frequent 
tact between specimens may have some 
bearing what happened. 


Causes the Accident 


The causes the accident liave not 
been determined. The conclusions 
reached are: 


Mechanical movement the 
ment probably initiated the chain 
events that resulted the accident. 

sion the sheared edges the 
mens examined occurred 
metal was hot rolled and sheared. This 
may have been caused 
chemical effects between active 
sheared edges and the relatively inert 
oxidized surfaces. 

Two grades titanium were involved 
the test; both suffered corrosion 
The grade containing the higher 
centages iron and carbon 
the greater corrosion. The 
either both these elements 
RFNA uncertain; however, the 
cates that the high iron 
factor worth considering. 

roded areas unannealed 
the pitted surface areas 
samples. Intergranular might 
cause the generation 
metal, which pyrophoric. fis 
suring and loss molten 
sheared edges indicate that 
pyrophoric material. 
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alloys were 
the only material tried 
that lasted for years 
these installations. 


Hot Hydrofluoric 
Acid 


Boiling Hydro- 
Acid 


HASTELLOY 


Hydrochloric 
Acid Pickle Bath 


Hot Sulphuric 
Acid and Hydro- 
gen Chloride 


Aerated Sul- 
phuric Acid 
Pickle Bath 


ride Catalyst 


Hot Ferric 
Chloride 


4 
3 
4 
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Alloys last for 


under severe corrosive conditions 


These graphs were drawn from data actual installa- 
tions alloys severe corrosive media. 
other material tried lasted more than six months most 
these installations, some considerably less than this. 
alloys lasted for years. 

Use alloys saved time, money, and produc- 
tion time all the installations. The graphs not tell the 
entire story any means. Some the parts made 


TRADE-MARK 


alloys were still going strong when the data 
were obtained. some, corrosion was complicated 
abrasion, impact, and the presence contaminants. 

Samples for testing alloys under actual oper- 
ating conditions are available without obligation. Just let 
know what corrosive conditions are involved. For copy 
booklet describing alloys, get touch with 
the nearest Haynes Stellite Company Office. 


HAYNES STELLITE COMPANY 


Division Union Carbide and Carbon Corporation 


General Offices and Works: Kokomo, Indiana 
Sales Offices 


Chicago + Cleveland + Detroit - Houston + Los Angeles » New York + San Francisco + Tulsa 


and are registered trade-marks Union Carbide and Carbon Corporation. 
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Metallographic studies showed oxida- 
tion and some instances fusion 
corroded material. This indicates that 
considerable heat generated, 
which might have been caused 
rapid reaction 
material produced corrosion proc- 
esses and RFNA. 

There clear evidence that the 
spot welds themselves had any part 
bringing about the explosion. 

The possibility formation ex- 
plosive decomposition product 
RFNA, such hydrazoic acid, should 
not ignored, Proof the existence 
such product, however, not 
possible present. 


Recommendations 

The following recommendations are 
made regarding the cause the acci- 
dent: 

The mechanism this particular oc- 
currence should determined more 
positively and others interested the 
uses titanium should informed 
the results. research program 
progress cooperation with indus- 
try detetrmine the characteristics 
the metal and its alloys RFNA. 
Depending the results such re- 
search, the program might well 
other reactions. 

Until this information becomes avail- 
able, recommended that any con- 
tact titanium its alloys with 
liquids considered potentially dan- 
gerous from the explosion standpoint 
and that proper precautions taken 
all times. 

Recommendations for protection 
personnel conducting the investigation 
are: 

Written operating instruction shall 
prepared include specific safety pre- 
cautions for any corrosion tests with 
potentially dangerous materials and 
shall include the following: 

All the operations shall per- 
formed acid hood with the vacuum 
system operation isolated area 
where the specimens and acid may 
handled remote control. 

least minimum personal protec- 
tion shall used, including face shield 
goggles and working behind protec- 
tive barrier, laboratory apron 
oratory coat and polyethylene gloves 
recommended for RFNA). 

Properly working portective respira- 
tory devices shall available all 
times, and the men shall trained 
the use these devices. All Serv- 
ice gas mask with All Service canister 
preferable. 

Properly functioning show- 
ers shall available all times. 

Appendix Metallurgical In- 
vestigation Into the Cause 
Explosion 


Specimens Involved 

The following series samples fig- 
ured the test under way when the ex- 
plosion occurred: 

Unalloyed titanium (yield strength 
55,000 psi) from manufacturer cold 
rolled 10, 20, 30, and percent, and 
spot welded. Ten samples for each per- 
centage cold roll. 

Same except all samples 
were vacuum annealed 800 after spot 
welding. 


Same material and b), 
warm rolled percent 1200 and 
spot welded. Ten samples. 

Unalloyed titanium (yield strength, 
75,000 psi) from manufacturer cold 
rolled. Four samples. 

Same d), except samples were 
vacuum annealed 800 

Sample series represents stress 
various degrees cold rolling, whereas 
sample series was stressed warm 
rolling. The stresses set the edge 
the sample shearing were not con- 
sidered the time. Aside from these 
objectives, control samples 
pared run more less concurrently. 
Series samples were run check the 
influence post annealing spot weld 
attack. Series and samples repre- 
sent titanium strip obtained from dif- 
ferent source and hence different com- 
position, the cold-rolled and annealed 
condition, respectively. 

The conditions the experiment were 
submerge the samples RFNA for 
days room temperature under static, 
nonaerated conditions atmospheric 
pressure slightly above. Twenty-four 
Erlenmeyer flasks (250 cc) were used, 
each flask containing five titanium sam- 
ples. The flasks had ground glass joints 
with stopcocks keep the samples non- 
aerated and make possible relieve 
pressure buildup venting the flasks 
daily. pressure buildup was noted 
the moment the explosion, which 
instant the chemist charge 
ished venting flask. 

The spot-welded samples 0.041-inch 
thick stock were approximately inch 
wide inches long. Series and 
samples, also 0.041 inch thick, were cut 
inch wide inches long. All sam- 
ples, except those series c), ran 7.11 
days; those series received only one 
day exposure before the 

Since the explosion shattered the flasks 
the samples, the only 
means identification was scribe mark- 
ings the individual samples, which 
many instances were corroded away. 
the 118 samples under test, were 
identified, were corroded beyond identi- 
fication and four were lost. All the un- 
identified samples were series b); this 
group had received high degree sur- 
face pitting. 


ENGINEERS 


Corrosion Test Results 

Preliminary examination the sam. 
ples revealed several types corrosion 
some which were unique this 
periment. was considered advisable 
determine not only the corrosion rate 
each sample based loss weight 
also establish definitive 
(types) corrosive attack and Catalog 
each sample the severity each 
corrosion form. Accordingly, 

(Continued Page 92) 


Figure 1A—Surface staining attack 
rolled series (d) sample. 4X. 


Figure 1B—Staining attack cold-rolled, spot- 
welded titanium from the same heat Figure 
exposed RFNA for days earlier 


Figure 2—Surface pitting attack observed annealed series spot welds. Arrow indicates 
pits unaltered the explosion. Pits were oxidized during the explosion. 4%. 
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New SCOTCHRAP 


BRAND 


stops corrosion 
200 feet down! 


High-velocity water flow and the stray current 
problem call for extra-tough pipe insulation 
deep-well casings. That’s why leading installers 
deep wells wrap both the inner and outer 
columns with “SCOTCHRAP” Pipe Insulation, 
after preparing the surface with 
Pipe Primer. Their experience has shown that 
outlasts, considerable mar- 
gin, the corrosion-resistant paint previously used. 

tape with pressure-sensitive adhesive that sticks 
tight and holds. It’s easy apply hand 
machine—needs heating activating. And 
protects pipe above ground from 
weathering, snow, rain and corrosive atmosphere, 
just protects pipe below ground from galvanic 
and electrolytic action, earth acids and alkalies. 

NEW! “SCOTCHRAP” now has increased 
quick-stick all temperatures, super-conforma- 
bility high low temperatures. The green 

adhesive contains built-in corrosion inhibitor. 

Order trial supply today! 
sold the square 1”, 2”, 4”, and 
widths. Two thicknesses: mils (No. 50) and 
mils (No. 51). 
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Metallographic studies showed oxida- 
tion and some instances fusion 
corroded material. This indicates that 
considerable heat generated, 
which might have been caused 
rapid reaction 
material produced corrosion proc- 
esses and RFNA. 

There clear evidence that the 
spot welds themselves had any part 
bringing about the explosion. 
The possibility formation ex- 
plosive decomposition product 
RFNA, such hydrazoic acid, should 
not ignored. Proof the existence 
such product, however, not 
possible present. 


Recommendations 

The following recommendations are 
made regarding the cause the acci- 
dent: 

The mechanism this particular oc- 
currence should determined more 
positively and others interested the 
uses titanium should informed 
the results. research program 
progress cooperation with indus- 
try detetrmine the characteristics 
the metal and its alloys RFNA. 
Depending the results such re- 
search, the program might well 
other reactions. 

Until this information becomes avail- 
able, that any con- 
tact titanium its alloys with 
liquids considered potentially dan- 
gerous from the explosion standpoint 
and that proper precautions taken 
all times. 

Recommendations for protection 
personnel conducting the investigation 
are: 

Written operating instruction shall 
prepared include specific safety pre- 
cautions for any corrosion tests with 
potentially dangerous materials and 
shall include the following: 

All the operations shall per- 
formed acid hood with the vacuum 
system operation isolated area 
where the specimens and acid may 
handled remote control. 

least minimum personal protec- 
tion shall used, including face shield 
goggles and working behind protec- 
tive barrier, laboratory apron 
oratory coat and polyethylene gloves 
recommended for RFNA). 

Properly working portective respira- 
tory devices shall available all 
times, and the men shall trained 
the use these devices. All Serv- 
ice gas mask with All Service canister 
preferable. 

Properly functioning emergency show- 
ers shall available all times. 

Appendix Metallurgical In- 
vestigation Into the Cause 
Explosion 

Specimens Involved 
The following series samples fig- 

ured the test under way when the ex- 

plosion occurred: 

Unalloyed titanium (yield strength 
55,000 psi) from manufacturer cold 
rolled 10, 20, 30, and percent, and 
spot welded. Ten samples for each per- 
centage cold roll. 

Same except all samples 


were vacuum annealed 800 after spot 
welding. 


Same material and b), 
warm rolled percent 1200 and 
spot welded. Ten samples. 

Unalloyed titanium (yield strength, 
75,000 psi) from manufacturer cold 
rolled. Four samples. 

Same d), except samples were 
vacuum annealed 800 

Sample series represents stress 
various degrees cold rolling, whereas 
sample series was stressed warm 
rolling. The stresses set the edge 
the sample shearing were not con- 
sidered the time. Aside from these 
objectives, control samples 
pared run more less concurrently. 
Series samples were run check the 
influence post annealing spot weld 
attack. Series and samples repre- 
sent titanium strip obtained from dif- 
ferent source and hence different com- 
position, the cold-rolled and annealed 
condition, respectively. 

The conditions the experiment were 
days room temperature under static, 
nonaerated conditions atmospheric 
pressure slightly above. Twenty-four 
Erlenmeyer flasks (250 cc) were used, 
each flask containing five titanium sam- 
ples. The flasks had ground glass joints 
with stopcocks keep the samples non- 
aerated and make possible relieve 
pressure buildup venting the flasks 
daily. pressure buildup was noted 
the moment the explosion, which 
instant the chemist charge 
ished venting flask. 

The spot-welded samples 0.041-inch 
thick stock were approximately inch 
wide inches long. Series and 
samples, also 0.041 inch thick, were cut 
inch wide inches long. All sam- 
ples, except those series c), ran 7.11 
days; those series received only one 
day exposure before the explosion. 

Since the explosion shattered the flasks 
and scattered the samples, the only 
means identification was scribe mark- 
ings the individual samples, which 
many instances were corroded away. 
the 118 samples under test, were 
identified, were corroded beyond identi- 
fication and four were lost. All the un- 
identified samples were series b); this 
group had received high degree sur- 
face pitting. 
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Corrosion Test Results 

Preliminary examination the sam. 
ples revealed several types corrosion 
some which were unique this 
periment. was considered advisable 
determine not only the corrosion rate for 
each sample based loss weight byt 
also establish definitive 
(types) corrosive attack and catalog 
each sample the severity each 
corrosion form. Accordingly, 
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Figure 1A—Surface staining attack 
rolled series (d) sample. 4X. 


Figure 1B—Staining attack cold-rolled, spot- 
welded titanium from the same heat Figure 
exposed RFNA for days earlier 


Figure 2—Surface pitting attack observed annealed series spot welds. Arrow indicates 
pits unaltered the explosion. Pits were oxidized during the explosion. 
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problem call for extra-tough pipe insulation 
deep-well casings. That’s why leading installers 
deep wells wrap both the inner and outer 
columns with “SCOTCHRAP” Pipe Insulation, 
after preparing the surface with 
Pipe Primer. Their experience has shown that 
outlasts, considerable mar- 
gin, the corrosion-resistant paint previously used. 

tape with pressure-sensitive adhesive that sticks 
tight and holds. It’s easy apply hand 
machine—needs heating activating. And 
protects pipe above ground from 
weathering, snow, rain and corrosive atmosphere, 
just protects pipe below ground from galvanic 
and electrolytic action, earth acids and alkalies. 

NEW! “SCOTCHRAP” now has increased 
quick-stick all temperatures, super-conforma- 
bility high low temperatures. The green 
adhesive contains built-in corrosion inhibitor. 

Order trial supply today! 
sold the square 1”, 2”, 4”, and 
widths. Two thicknesses: mils (No. 50) and 
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micrographs were made representa- 
tive corrosion forms. These are presented 
figures 1-7B for further reference. 
Four general types attack were ob- 
served, namely: 

Staining (dark gray blue). 

Pitting. 

General attack. 

Stress-corrosion cracking: 

spot-weld indentation. 

rolled edges (some samples 
possessed edges from the original as- 
rolled sheet). 

sheared edges. 

Staining attack (note Figure 1A) was 
confined the series samples. Figure 
spot-welded titanium strip from 
manufacturer exposed RFNA for 
days previous experiment Novem- 
ber 1953. The same staining observed 
here more pronounced stage, owing 
the longer exposure time. 

Pitting attack was observed the a), 
and sample series. was accompa- 
nied dark-gray staining around the pit 
edges (note Figure arrow X), except 
those pits where ignition occurred dur- 
ing the course the explosion resulting 
oxidation. The latter pits showed oxi- 
dation both the pitted 
area. The oxidation products are identi- 
fied prismatic array color which 
photographed gray (note Figure ar- 
row Y). 

General attack illustrated Figure 
appeared only the annealed sam- 
ples (that is, series and This attack 
actually advanced form pitting 
where the entire area has become pitted 
and the metal has been etched deeply 
enough reveal the rolling texture. 

Three forms stress-corrosion crack- 
ing are seen Figures 4-7B. spot 
welds the stress corrosion cracking fol- 
lowed the the indentation 
(note Figure 4). Two views stress 
cracking rolled edge are observed 
Figures and The stress corrosion 
tree pattern from the rolled edges. Stress 
attack sheared edges illustrated 
Figures and 7B. Here edge views 
samples with different degrees attack 
are shown. 

the sheared edges corrosion was 
deep, and oxidation disintegrated ma- 
terial generated enough heat cause 
melting and spatter. These features are 
seen Figures and 7B. Since the 
samples were overlapping the nitric- 
acid solution, expulsion molten ma- 
terial from corrosion fissures along the 
sheared edges was found several cases 
have spattered the underlying sam- 
ple, thus outlining the region overlap 
(note Figure 8). Figure some expul- 
sion molten material noted from 
transverse crack rolled edge. Only 
minor amounts spatter were observed 
emanating from the cracks spot in- 
dentations. 

detailed study was made all sam- 
ples recovered from the explosion de- 
termine what extent each sample 
series a), b), c), and underwent the 
various forms corrosive attack dis- 
cussed under corrosion types. equal 
concern was the degree oxidation 
the corroded products, since this infor- 
mation would indicate the test group 
test procedure contributing most the 


severity the explosion. Test results are 
tabulated Table 

The highest corrosion rate (115.5 
mpy) observed the warm-rolled, 
spot-weld group, series and occurred 
almost exclusively the sheared edges. 
Since this series ran only one day, the 
results cannot used for comparison 
purposes; nevertheless, significant 
note that the gullying and fusion the 
sheared edges were almost severe 
these samples they were those 
series a), exposed 7.11 days. 

Edge attack likewise accounted for 
major portion the attack the series 
sample group. observed that the 
and percent cold-roll samples had 
the highest attack all the corrosion 
forms tabulated, with falling off 
greater and lower percentages cold 
work. 

Corrosion weight loss the annealed 
spot welds, series b), credited largely 
extensive surface pitting attack 
several times greater than for the corre- 
sponding cold-rolled samples. localized 
attack the sheared edges spotweld 
area was observed either the 
annealed series e), indicating total 
absence stress-corrosion attack. 

The surface attack the annealed 
material from manufacturer sample 
series e), covered the same surface area 
(that is, percent) the average at- 
tack the corresponding material from 
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Figure 3—General attack series 
weld samples. This advanced form the 
pitting attack observed Figure 2X. 


Figure 4—Stress-corrosion cracking «long pe- 
riphery spot-weld indentation observed un- 


Figure 5—Stress corrosion cracking propagating tree-like pattern from rolled edge top. 
Bottom edge sheared. 4X. 


Figure 6—Edge view stress corrosion rolled edge. Arrow indicates expulsion 
material. The rolled edge sample was spot welded sheared edge sample seen lower 
field. 25X. 
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and 
AVAILABLE 


Active and Junior NACE members and 


Companies seeking employees may run 
without charge two consecutive advertise- 
ments annually under this heading, not 
over words set point text type. 


ertisements other specifications will 


Positions Available 


CORROSION 
ENGINEERS 


Prominent engineering and 
construction firm with 
headquarters New York 
hos 
open for graduate Elec- 
trical Engineers equiv- 
alent, 


Attractive starting salary 
with opportunity for ad- 
Minimum 
years experience field 
testing and design cor- 
rosion mitigating systems 
required. Must willing 
travel. 


Submit resume 
experience, education 
and personal data to: 


CORROSION 
Box 55-19 


Wanted: Aggressive corrosion engineer 
tendent for cathodic 


neering and sales company New 
Orleans area. Requirements: Experi- 


ence, travel and desire make future 


tor self. CORROSION, Box 55-21. 


Electrochemists, 
Chemical Engineers with training 
physical chemistry wanted for research 
and development, Work will involve lab- 
Oratory studies the fundamentals 
Corrosion chemistry, and analysis 
corrosion problems that arise 
all phases the petroleum industry. 


Interest both fundamentals and en- 
gineering applications necessary. Corro- 
sion experience and knowledge sta- 
tistics helpful but not required. 


GENERAL NEWS 


Positions Available 


Sales Executive for national corrosion 
prevention contractor. Knowledge 
coatings and cathodic protection with 
sales background good contacts es- 
sential. Location Right man 


eligible for partnership after first year. 
confidential. CORROSION, Box 
5-22. 


INDUSTRIAL PAINT 
SALESMAN CORROSION 
ENGINEER 


Immediate opportunity for experienced 
industrial paint salesman corrosion 
engineer familiar with protective coat- 
ings. Nationally known company and 
product. Territory Texas-Louisiana Gulf 
Coast Area. Salary higher than average 
paint company qualified. Many com- 
pany benefits. Give details vocational 
and educational experience, age, marital 
and military status first letter. Please 
include small picture. All replies kept 
strict confidence. Reply CORRO- 
SION, Box 55-24. 


Pont’s Engineering Service Division now has 
career opening immediately available for graduate 
engineer who qualified education and experience 
responsibility 
service the fields plastics utilization, protective 
coatings, and corrosion barriers used the construc- 
tion chemical processing equipment and facilities. 


to assume 


Duties will include: the initiation and direction 
studies insure maximum use these materials and 
determine property data requirements for engineer- 
ing applications; and the development specifications 
for procurement, design, construction, maintenance, 


and utilization. 
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PONT now has available 


RESPONSIBLE POSITION for one 
PLASTICS PROTECTIVE COATINGS ENGINEER 


High Alloy Lightning Rods 


Hastelloy lightning rods have been 
attached the top 200-foot ex- 
haust stack Virginia Smelting Com- 
pany’s Norfolk, Va. plant. 


Steel Founders Move 


The Steel Founders’ Society 
America has moved its headquarters 
606 Terminal Tower Bldg., Cleveland 13, 
Ohio. 

basis non-members NACE. 


Positions Wanted 


Corrosion Scientist PhD degree, age 
45, married, years diversified experi- 
ence metallurgy, particularly corro- 
sion, university and industry research 
(paper, electrical, steel). Immigrated 
years ago. Now employed. Seeking 
broader research responsibilities. Ex- 
cellent references. CORROSION, Box 
55-20. 


Sales Engineer—Seven years experience 
technical selling metropolitan New 
York area—last three years protec- 
tive organic coatings. Corrosion special- 
ist. Chemist, B.S., Previously in- 
structor college chemistry. Age 35. 


Member NACE. CORROSION, Box 


Positions Available 


providing consulting 


Please send 
complete resume, 
including details 

education 

and experience, to: 


Mr. Costello, Jr. 
Personnel Section, Engineering Dept., 


Address: Better Things for Better Living 
ompany Wilmington 98, Delaware 
Drawer 2038 
molten Pittsburgh 30, Pennsylvania 
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manufacturer sample series b). This 
similarity attack was not found the 
cold-rolled samples. Here the cold-rolled 
series samples showed staining type 
surface attack, whereas the corre- 
sponding series material exhibited 
pitted type surface attack. 

Differences composition the two 
sample sources will discussed the 
paragraphs analytical studies. Suffice 
say here that the explosion appar- 
ently did not originate the samples 
the and series, since evidence 
oxidation was observed here. 


Metallographic Studies 
Selected metallographic 


sections 


Figure 8—Spatter from sheared edge over- 
lying sample outlining the region overlap. 3X. 


Figure 7B—Same but showing more advanced attack. 25X. 


corroded and fused areas were examined 
determine the nature corrosion 


the study the behavior staining 
attack, illustrated Figures and 
1B, isolated stain patch was selected 
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Figure structure underlying 
stained area arrow Figure 1A. Top portion 
field underlying stained area shows inter- 


Figure 10—Section through stained and un- 
attacked surface seen Figure 1B. Arrow indi- 
cates unattacked (unstained) surface. 


Figure 11—Transverse section through unig- 
nited pit annealed series sample. 


granular attack. etch. 66X. 13X. 


TABLE 


Results (Sample Series) 


FROM MANUFACTURER 


(a) Cold-rolled, percent 


FROM MANUFACTURER B 
| (b) Cold-rolled and annealed, percent ——, - ——— 


| (c) 
30 40 Hot-rolled 


61.6 55.4 
7.11 days 


(d) | (e) 
Annealed 


3.0 
7.11 days 


50 


20 


59.7 


17.9 


30 


115.5 
1.0 days 


42.1 66.9 


7.11 days 
Cracking* 
62 


Corrosion rate (mpy) 
7.11 days 


Exposure time 
Spot-weld area: 
Description of attack 
Area affected (percent) 
Sheared edges: 
Description of attack 
Edge affected (percent) 
Affected area oxidized 
(percent) 
Sample surface: 
Description of attack 
Surface affected (percent) 
Affected area oxidized 
(percent) | 2 2 


Cracking* — | 


Pittingt 
57 32 


Gullying 


100 


Cracking Pitting 


Gullying 


70 
100 


Pitting 
100 57 


100 92 
Pitting 


Pitted Pitted Stain 
14 5 


57 5s 6 5 


100 


13 


92 


* Percentage of indented spot-weld periphery cracked. 
+ Percentage of spot-weld area pitted. 


| 
— 
: | 
50 50 | 50 q 
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NATIONAL CARBON’S NEW GRAPHITE 
FOR ASSEMBLY CABLE 


new concept impressed-current cathodic 
protection assembly technique which fixes 


long-lasting Graphite Anodes cable 
exactly where they’re needed. 


Graphite Anodes Type are shipped 
from stock ready for assembly into three standard 
sizes: 12”, 20” and 30”. Crimp-type 
connectors fit sizes seven-strand cable. 
assemble Type anodes, stripped cable ends are joined 
the crimp-type connector and anode halves are 
threaded together over the connector. Resin cement 
provides firm bond and moisture-proof connection. 


Wherever you need optimum current distribution 

the lowest cost, you’ll find the Type outstanding 
distributed anode for the protection metallic 
sheathed cable (by insertion adjacent cable ducts), 
bare pipe and water storage tanks. These new 
Graphite Anodes also have attractive advantages 
when used conventional ground bed arrays, principally 
through their ease and flexibility installation. 


National Carbon’s Type anodes bring you the 
operational advantages distributed system—with the 
proved economies impressed current cathodic 
protection. With virtually limitation the size, type 
length connecting cable, Type anodes 
graphite provide lowest circuit resistance per dollar 

installed cost. They’re light, easy handle. Figure 
your next job with these new Anodes-Type QA. 


WRITE FOR NEW CATALOG SECTION S-6525 
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for examination (note arrow Figure 
1A). This area was chosen eliminate 
any stress influence from the sheared 
edges. The metal underlying the stained 
area after removing 0.002-inch from the 
surface, showed extensive intergranular 
attack (note upper field photomicro- 
graph Figure 9). The lower field this 
figure underlies the adjacent unattacked 
surface area. transverse section 
through stained area the sample 
Figure 1B, exposed RFNA 
earlier run for days without mishap, 
showed the intergranular attack pene- 
trate halfway through the 
sample thickness (note Figure 10). Al- 
though the weight loss here was mod- 
erate (6.32 mpy), the metal was easily 
dull ring when struck. Staining, illus- 
trated, was thus found indicate sub- 
surface integranular attack and its occur- 
rence was limited the stock from 
manufacturer 


determine the nature and depth 
pitting attack, transverse section was 
verse section Figure inter- Figure 12—Transverse section through series spot weld. Spot-weld perimeter cracking 
granularly corroded, the depth corro- seen removed from heat-affected zone. 35X. 
sion being quite shallow 
0.0006-inch depth). Ignition pitted 
areas was extensive the annealed se- 
ries samples and, judging from the 
areas affected, contributed significantly 
the force the blast. 

Stress-corrosion cracking 
nealed spot welds was found 
largely confined the outer periphery 
the electrode indentation (note Fig- 
ure The cracking, for the most part, 
penetrated the thickness strip 
along path outside the weld nugget and 
heat-affected zone. These features are 
seen Figure 12, transverse section 
through the center series spot weld. 
would thus appear that stress-corro- 
sion cracking spot welds function 
surface stresses set the elec- 
trode periphery. 

Although comparatively few samples 
the explosion run had rolled edges 
(that is, they had edges the original 
as-rolled sheet), noteworthy that 
attack from this stress source (see Fig- 
ures and was quite extensive. Photo- 
micrographs (Figures and 14) made 
this area after the surface was ground 
show the attack intergranular. 


c), showing edge attack similar 13—Micrograph cracking rolled 14—Same area Figure 13; cracking 


tioned transversely determine the the surface. etch. 64X. 


depth and nature this type attack. 
Figures 15A and 15B are photomicro- 
graphs series and material, re- 
spectively, showing section the depth 
gullying sheared edges and the 
hard, light etching oxidized spatter. The TABLE Sheets 

dark etching areas, indicated the 
arrows, show that during the explosion IMPURITY (Percent) 
the metal here was heated above the 
The heat emitted from oxidation the 
corroded material therefore must have Sheet 

from the sheared edge overlying A—lot 
sample seen outline the region Manufacturer A—lot 


Hot-rolled (series c) 


similarly spattered area. observed percent cold-rolled* 
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CAUSTIC CLEANING 
ALKALINE NEUTRALIZING 


THIS FREE BOOK 
tells how 
CONTROL 

PREVENT RUST 
and CORROSION 


SOLVAY PROCESS DIVISION 


ALLIED CHEMICAL DYE CORPORATION 
BRANCH SALES OFFICES: 


Boston + Charlotte + Chicago + Cincinnati - Cleveland 
Detroit - Houston « New Orleans - New York + Philadelphia 
Pittsburgh + St. Louis + Syracuse 


7 Seta Ash * Caustic Soda * Caustic Potash * Chlorine * Calcium Chloride 
Potassium 


= Ammonium Chloride * Cleaning Compounds Sodium Nitrite * Chloroform 


Sodium Bicarbonate * Ammonium Bicarbonate 


Snowflake® Crystals Methylene Chloride * Methyl Chloride 
Carbon Tetrachloride 


CORROSION 
PROTECTION 


Solvay Nitrox combines the efficient cleaning and neu- 
tralizing action caustic soda with the long-established 
inhibiting action sodium nitrite. 

Here single product that, one simple opera- 
tion, will clean iron and steel surfaces neutralize 
pickling acids...and the same time form protective 
coating prevent rust and corrosion the cleaned 
surfaces. 


Nitrox has found wide and varied applications 
including: 


The cleaning and protection iron and steel 
drums, tanks metal parts process 
storage. 


ing tank dip for metal parts and sheets fol- 
lowing pickling. 


cleaner-inhibitor for light hydrocarbon 
cargo tanks ocean-going tankers. 


Nitrox easy use, uniform composition and posi- 
tive action. produced dustless, flake form 
and rapidly soluble water. fills long-standing 
need for single product replace the several indi- 
vidual products and steps previously required. 


*In Western Hemisphere Countries. 


FOR TEST SAMPLES AND FREE LITERATURE—MAIL COUPON NOW! 


SOLVAY PROCESS DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
61 Broadway, New York 6, N. Y. 
Gentlemen: Please send without cost obligation* 


Your new book “Rust and Corrosion Prevention” 
Sample SOLVAY Nitrox 
Specific information requested attached letter. 


Name 


Company 


Title 


Address 


Zone 


City State 


Vo 
024 
022 


CORROSION 


Report Investigation— 


(Continued From Page 96) 


inch. The sheared edges series 
samples underwent severe intergranular 
attack without any ignition the cor- 
roded material. Figure shows sec- 
tional view through sheared edge 
sample this series. 

Since the stress-corrosion attack 
unannealed sheared edges 
prominently the explosion, in- 
terest illustrate profile the texture 
and severity deformation un- 
supported and supported sheared edge 
(note Figures and 19). 


Analytical Determination Impurities 

tanium sheet were used preparing test 
samples for RFNA corrosion studies. 
The analysis these sheets presented 
Table for further reference. 

noteworthy that the earlier runs 
made the corrosion laboratory with 
sheets and from manufac- 
turer and lot from manufacturer 
were used without mishap, even though 
severe intergranular corrosion occurred. 
The sample edges were sheared and spot 
welds prepared manner similar 
that employed the run. 
Series and samples the explosion 
run were cut from stock from 
turer These sample slikewise showed 
attack but ignition. The sample series 
a), and cut from lot manufacturer 
were therefore the only commercial- 
grade titanium rendered pyrophoric 
exposure 

observed from Table that lot 
higher iron and carbon content than the 
other two. 

Iron soluble alpha titanium 0.1 
metastable secondary phase beta ti- 
tanium. This iron-rich phase seen 
the micrograph the series sample, 
Figure 14, fine globules concentrated 
largely grain boundaries. Intergranu- 
lar attack observed this figure resulted 
removal the globular phase the 
extent that lower iron content would 
anticipated the attacked unignited 
surface areas the series a), and 
(high iron content) samples. X-ray 
analyses were made the surface lay- 
ers pitted unignited samples the 
and series with the results shown 
Table 


Content 

Since X-ray spectroscopy averages 
the iron content the top thousandths 
surface area, apparent here 
the and series samples that the 
iron content the surface layers re- 
duced proportion the area attacked. 
Confirmatory data were obtained here 
other samples, follows that the inter- 
granular corrosion accompanying pitting 
attacked the iron-rich phase concen- 
trated the grain boundaries the 
and series samples and reduced the 
surface iron content. Likewise, since the 
iron content the series samples was 
cantly reduced intergranular attack. 

Although high iron content the a), 
and samples may conceivably have 
accelerated corrosion providing ave- 
nues attack the form iron- 
rich grain boundary phase, 
sumptuous state with the evidence 
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Figure section through sheared edge series sample. Arrow indicates 
dark etching area where the metal exceeded the transformation temperature 
etch. 111X. 


ite 


i 


Figure 16—Section through spattered surface 

area similar that seen Figure Top light 

etching area spatter material. Heat affected 

zone varies with the thickness the spatter. 
etch. 268X. 


hand that high iron content necessarily 
rendered the corrosion products pyro- 


Carbon Content 


The carbon content the corrosion 
products the series samples was 
determined colorimetrically from surface 
scrapings attacked unignited areas 
twice perhaps three times that 


Figure 17—Sectional view through sheared edge 

intergranularly corroded material not 
served. Keller’s etch. 50X. 


the base-metal content 
carbon. carbon combustion 
was made from millings cut the 
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TABLE Analyses Surface Layers 


| 


Sample 

Series (a), No. 
Base metal*. . 

Series (b), No. 
| Base metal* 

Series (e), No. Y | 
Base metal* 


Surface Condition 
13 percent of surface pitted 
90 percent of surface pitted 


90 percent of surface pitted 


* Corrosion products were ground from the opposite sample surface and the base metal anal) zed 


by X-ray spectroscopy. 


for Fe 


Figure 15A Microg p 
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Now Available! 
BIBLIOGRAPHIC 
SURVEY 


CORROSION 
1950-1951 


This the fourth the series bibliographies abstracts 
published the National Association Corrosion Engineers. 
this volume, the researcher has his disposal 4454 abstracts 
corrosion literature published during the years 1950-51 inclusive. 
Sturdy cloth binding, carefully printed inch pages; 
topically indexed the NACE Abstract Filing System Index; 
cross-indexed; alphabetical subject index and alphabetical author 
index 4047 authors. fine research tool for the corrosion 


4454 Abstracts—4047 Authors—430 Pages 


Carefully Indexed Topically and Alphabetically 


indicates 


Each reference gives title article book, names authors, name 
periodical, complete reference information you can get copy 
the original article you are interested. More than abstracting 
agencies authorize NACE use their abstracts these books, be- 
lieved the most comprehensive publications their kind. Domestic 
and foreign periodicals, books and other literature covered. 


NON-MEMBERS 


Buy More Than One Volume and 
SAVE Percent 


In the four Bibliographic Surveys of Corrosion issued to date there 
have been published 12,414 abstracts and references to corrosion 
literature. If you are occupied with corrosion work consider buying 
more than one volume and save 10 percent, (This does not apply 
to more than one copy of the same volume.) 


1948-49 Volume, containing 3512 abstracts, 
(Non-members, $12.50) 
1946-47 Volume, containing 3362 abstracts, 
(Non-members, $9) 


1945 Volume, containing 1086 abstracts, 


(Add 65c per package these prices for Book Post 
Registry all addresses outside the United States, 


edge Canada and Mexico). 


nition 


Send Orders and Remittances 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


1061 Bidg. Houston Texas 
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Foreign remittances should international postal 
express money order bank draft negotiable the 
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ignited sheared edges several series 
samples, (note figures 15A and 15B) 
depth 0.015-inch. Unfortunately, 
large portion base metal was in- 
cluded the millings along with the 
corrosion products, Nevertheless, car- 
bon increase was obtained here also; 
0.245 percent carbon, compared with 
base-metal content 0.196 percent 
carbon. 


carbon combustion analysis was 
also made the intergranular corro- 
sion products earlier run 
manufacturer B’s material exposed 
RFNA which corrosion products did 
not ignite. Figure macrograph 
transverse section sample from 
this earlier run, Cuttings 
from the sheared edges these sam- 
ples analyzed 0.152 percent carbon, 
compared base metal value 0.044 
percent. thus concluded that the 
carbon impurity was attacked less than 
the titanium the intergranularly cor- 
roded areas. Although the carbon was 
not depleted the corrosion products 
was the iron, there reason 
exclude the function the carbon 
possible catalyst promoting the ex- 
plosion. 


Nitrogen Content 


Nitrogen, the third impurity analyzed 
the explosion products, showed 
significant change over the base-metal 
value. This element also was analyzed 
from sheared-edge cuttings taken from 
samples the early RFNA run, illus- 
trated Figure 10. The intergranularly 
corroded cuttings analyzed 0.031 percent 
nitrogen, compared with 
metal content 0.028 percent, the dif- 
ference here being small. 


Discussion 

staining type surface attack, ob- 
served the cold-rolled samples, series 
was found indicate extensive sub- 
surface intergranular attack resulting 
general embrittlement. Staining accom- 
panied intergranular corrosion was 
also observed earlier RFNA tests 
the same heat titanium metal; 
ignition disintegrated material has 
been noted date this type attack. 
Contrary this, the cold-rolled sam- 
ples, series a), showed pitting type 
attack. Pitting these samples did not 
exceed percent the surface area; 
attack occurred between 
and percent cold roll. the extent 
the run there indication that 
critical deformation exists the 
percent cold-rolling range favor 
maximum pitting attack. Ignition the 
pitted areas the cold-rolled samples 
was light and did not involve more than 
percent the surface pits. 

the annealed series, and e), 
samples showed equal degree sur- 
face pitting, that is, covering approxi- 
mately percent the surface area; 
neither series 
attack, thus indicating complete stress 
relief. Although more than percent 
the pitted area the series samples 
ignited during the explosion, showing 
high degree oxidation, none the 
series samples ignited, 

considered that the dissimilarities 
noted above the nature the surface 
attack the cold-rolled material from 
manufacturers and and the failure 
any the corroded material the 
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samples from manufacturer ignite 
during the explosion may attributed 
part chemical differences the 
two materials. The carbon and iron con- 
tent lot manufacturer (0.40 per- 
cent iron, 0.20 percent carbon), ran 
about three times that lot from man- 
ufacturer (0.14 percent iron, 0.064 
percent carbon). 

may noted here that the ASTM 
Tentative Specification B265-52T for 
unalloyed titanium sheet limits the iron 
content 0.25 percent maximum. Ana- 
lytical results show that the unignited 
corroded material the percentage car- 
bon increased, the percentage nitrogen 
remained essentially unchanged and the 
percentage iron was depleted; however, 
the procedure and outcome the test 
question did not permit definitely 
establishing the fact that either iron 
carbon contributed sensitive pyro- 
phoric condition. 


Corrosion Followed Stress Direction 


Stress-corrosion attack observed 
the test samples under question followed 
the direction stress. spot welds, the 
stress-corrosion cracking followed the 
periphery the indentation and gen- 
erally extended through the thickness 
the sheet. few the samples had 
rolled edges. Rolling sets transverse 
fissures the rolled edge, which 
act stress raisers, Transverse corro- 
sion cracking from this stress source 
was observed propagate far 0.1- 
inch from the sample edge. Shearing 
stresses are largely longitudinal, depend- 
ing, however, degree and direction 
the shear pattern. 

Attack sheared edges extended 
depth Sheared-edge stress- 
corrosion attack was almost extensive 
the warm-rolled sample, series 
with only one day exposure, was 
for the cold-rolled series samples 
with 7.11 days exposure before the ex- 
plosion. The fact that attack the hot- 
rolled specimens was almost exclusively 
the sheared edges and that the rate 
attack was very high may the 
result electrochemical effects between 
the active metal the sheared edges 
and the relatively inert oxidized surfaces. 


The attack the cold-rolled speci- 
mens was concentrated the edges 
small degree. This may have occurred 
because the oxide coating the surfaces 
these specimens was thinner and 
hence the difference potential between 
the surfaces and the edges was smaller. 
Corrosion 
mens was more uniform because these 
differences may have been eliminated 
stress relieving 800 has also 
been suggested that the attack the 
edges hot-rolled specimens appears 
unusually heavy because most the 
corrosion sheared edges normally 
takes place during the first day im- 
mersion. However, there evidence 
for the theory that corrosion the 
edges stops after one day. 

Spatter was observed all the 
stress-corrosion areas the material 
from manufacturer Spatter the 
crevices spot-weld cracking was in- 
frequent, that the heat liberated from 
this ignition would minor. Attack 
the rolled edges showed moderate de- 
gree spatter. However, since only 
few the samples had rolled edges, the 
heat evolved from oxidation disinte- 
grated material here did not contribute 
significantly the total heat the ex- 
plosion. Spatter from the unannealed 
sheared edges the material from man- 
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Figure 18—Profile unsupported sheared edge, 


illustrating severity deformation. 
etch. 


Figure 19—Profile supported sheared edge, 


illustrating severity deformation. 
etch. 69X. 


ufacturer was general and 


Friction Triggers Blast 


appears that the explosion 
gered friction between samp 


ated during venting one the 


During the course the 


sudden rapid oxidation the 
corrosion took place some 


Keller's 


tensive. 


les cre- 


flasks. 
roducts 
elected 


areas, with evolution large amounts 


heat. Where the heat was 
enough the products oxidati: 
and were expelled, 
Although the oxidized 
occupied considerable surface, 
too shallow generate enou 
during oxidation cause fusion 
sheared edges, however, wher 
had not been relieved anneal 
rosion was deep and the oxid 
disintegrated material generated 
heat cause melting and 
cause the evident loss mo! 
terial sheared edges, 
these areas had more effect 
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GENERAL NEWS 


Heat Exchanger 


month after month 
over 6000 readers 
furn the pages 


seeking answers 
their problems! 


Hundreds pages specific corrosion con- 
trol, information, tables of data, lists of refer- 
ences and digests the world’s literature 
corrosion are hand for the CORROSION 
reader. Because much the information 
unique keeps CORROSION for reference. 


@ This carefully edited, well-printed and com- 
prehensive publication ideal medium for 
the advertising companies producing mate- 
rials, developing methods offering services 
aimed reducing corrosion. 
audience wide-awake, influential prospects 
gets every issue. 


your company seriously interested 
selling corrosion engineers, this monthly offi- 
cial publication the National Association 
Corrosion Engineers good place adver- 
tise. Pre-selected prospects already interested 
corrosion-control will see your message. 


And all this very modest rates. full page 
advertisement costs fraction more than 
paid reader. hard find better, more 
economical more effective way reach the 
men who the corrosion control work. 


Editorial and Business Offices 


Houston Texas 


Packaging 


Domestic Appliances 


Dam Structures 
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South Central 
New Officers Nominated 


The following have been nominated 
for election offices the South Central 
Region, each for terms for one year, 
take office January 1956, except for 
the director whose term will for three 
years and who will take office March 16, 
Ballots will sent the members 
the South Central Region. 

For Director—For three-year term 
beginning March 16, 1956, Harry 
Waldrip, Gulf Oil Corporation. 

For Chairman—For one-year term 
beginning January 1956, John Nee, 
Paint Manufacturing Company, 
Inc. 

For Vice-Chairman—For one-year 
term beginning January 1956, Jack 
Stanolind Oil Gas Company. 

For Secretary-Treasurer—For one- 
year term beginning January 1956, 
Spalding, Jr., Sun Oil Company. 

For Assistant 
For one-year term beginning with 
January 1956, Caldwell, Humble 
Oil Refining Company. 


Elkins Moderates Panel 
Permian Basin Session 


the June meeting Permian 
Basin Section the Lincoln Hotel 
Odessa, Texas, approximately mem- 
bers and guests heard panel moderated 
Elkins, Shell Oil Company, 
Midland, discuss casing corrosion. Prior 
opening the meeting for 
discussion, the members the panel 
presented discussions the following 
subjects: Sudbury, Continental Oil 
Company, “Cathodic Protection;” 
Caldwell, Humble Oil Refining Com- 
well, Atlantic Refining Company “Use 
Ammonia;” Ward, Shell Oil 
Company “Casing Corrosion Survey 
The Permian Basin.” 

The next regular meeting the section 
Lincoln Hotel. 


Several Papers Committed 
For New York Meeting 


Committments for technical papers 
delivered during the Chemical In- 
dustry Symposium the NACE 12th 
Annual Conference and Exhibition 
New York, March 12-16 have been re- 
ceived follows Heger, sym- 
posium chairman: 

Reducing Maintenance Painting Costs 
the Chemical Industry, Mo- 
nack, duPont Nemours Co., 
Ltd.; Corrosion Metals Liquid 
Fertilizer Solutions, Vreeland 
and Kalin, United States Steel 
Corp., Pittsburgh, Pa. Hugh Godard, 
Aluminium Laboratories, Ltd., Kings- 
ton, Ont. will present paper the title 
which not yet known. 


For the seven years 1945-51 inclusive 
covered the NACE Bibliographic 
Surveys Corrosion there are 12,414 
abstracts technical literature Cor- 
rosion. Most these include complete 
reference original publication. 
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New Correspondent for 


Ferrous Metals Named 


Riegel, Republic Steel Corp., 
Metallurgical Laboratory, Massillon, Ohio 
has been named correspondent fer- 
rous metals the Corrosion editorial 
staff. Riegel, who has been working 
corrosion problems for nearly 
years, charge Republic Steel’s 
Stainless Steel and Corrosion Depart- 
ment its metallurgical laboratory. 
graduate the University Wis- 
consin and University Illinois, 


Metal Show Scheduled 
Philadelphia Oct. 17-21 


The 37th Annual National Metal Con- 
gress and Exposition will held Oc- 
tober 17-21 Philadelphia the Con- 
vention Halls near the campus the 
University Pennsylvania. American 
Society for Metals sponsoring organi- 
zation and cooperating are Institute 
Metals Div., American Welding Society, 
American Institute Mining and Metal- 
lurgical Engineers and Society for Non- 
Destructive Testing. 

Technical programs the four 
operating societies will held their 
respective headquarters hotels. 


co- 


Exhibit Invitations Are 
Sent Out for NACE Show 


Invitations exhibit the 12th An- 
nual Conference and Exhibition the 
National Association Corrosion En- 
gineers have been sent out Clark 
Bailey, chairman the 1956 Exhibits 
Committee. The exhibition will held 
Hotel Statler, New York City, March 
12-16. 
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the explosion than did the pitted flat 
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Six Short Courses Yearly 


Reported Hackerman 


NORMAN HACKERMAN 


Chairman, Committee Education 

was agreed approve request 
the University Illinois that NACE 
co-sponsor short course cathodic 
protection Urbana December, 1955. 
Ray Wainwright the electrical engi- 
neering staff the University 
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nois actively concerned with 
the course and our contact. 

There appear about four gep. 
eral Midwest, South Central, 
Canada, West Canada) and 
specialized short courses given per 
now. The need for general short 
course format which can sent jp. 
stitutions and groups wishing 
such courses was apparent to all mem- 
bers the committee. 

was agreed that reasonable for. 
total time devoted basic chemistry 
and the time deveted pre. 
ventive methods. The latter could 
broken down into: separation the re- 
acting phases, reduction reactivity 
the environment, reduction 
the metal. There some 
but not Furtherm the 
number lecturers any course 
should kept minimum. For 
stance, course consisting nine, 
3-hour sessions, not more than 
turers are required, Another ipt will 
the committee’s approval. 

procedure for the Award 
was discussed and agreed up: This 
was written single and 
turned over the board direc ors for 
approval. Its disposition ‘ot yet 
known. 


1954 Report Regional 


Management 


BALDWIN 


Chairman, Regional Management 
Committee 


the number new sections continues 
increase. 1953 had sections. 
the 1954 meeting the 
the total and this meeting 
have sections and two more the 
process formation. One these 
the Canadian Region, located 
monton.,. 

Mr. Campbell, our secretary, has 
vised that the following ten sections 
are now fully accredited with 
ships over 100: Baltimore, Chicago, 
Cleveland, Houston, Los Angeles, 
Metropolitan New York, North Texas, 
Philadelphia, Pittsburg and San Fran- 
cisco. 

are holding meeting the 
Regional Management Commitiee this 
afternoon Room 17, All Regional and 
Sectional officers are cordially invited 
cuss, unofficial manner, problems 
the regions and sections. 
ing this afternoon plan make 
adopted your board directors 
presentation retired chairmen 
regions and sections. Also certificate 
membership for any memler 
desires one. 

last year’s meeting Mr. 
Committee, urged the 
regional and sectional members 
This met with considerable 
Mr, Schmidt will our ing 
year discuss the subject 

Any other matters which are 
ing regions and sections 
brought the meeting. 
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GENERAL 
Importance 
1.4 
1.5 Material 
1.6 


TESTING 
2.3 Methods and 
2.4 


PHENOMENA 

3.2 

3.3 Bic 

3.4 Chi 

3.6 Effects 

3.7 Effects 

Principles 


ENVIRONMENTS 
Atmospheric 

4.3 Chemicals, Inorganic 

Chemicals, Organic 

Soi! 

Water and Steam 

Moulten Metals and Fused 

Conipounds 


PREVENTIVE MEASURES 

5.2 Cathodic Protection 

5.3 Metallic Coatings 

5.4 Non-Metallic Coatings and Paints. 125 


MATERIALS CONSTRUCTION 

6.3 Non-Ferrous Metals and Alloys, 
Heavy 

6.4 Non-Ferrous Metals and Alloys, 


1.2 Importance 
8.9.1, 3.5.8 

The Level Safety Achieved Peri- 
odic Inspection for Fatigue Cracks. 
Roy. Soc., 58, No. 526, 
720-723 (1954) October. 

Discusses the risk entailed the prac- 
tice adopted some authorities per- 
Prone fatigue failure, used 
fatigue cracks develop 
the weak spot and are revealed periodic 
Mspection (usually dye-penetrant 
8698 


1.4 Bibliographies and Indexes 


1948-1949 Bibliographic Survey Cor- 


cloth, 346 pp., 1954. Available from Na- 
tional Association Corrosion Engineers, 
1061 Building, Houston Texas. 

Summaries 3512 corrosion and cor- 
rosion prevention articles, books and bro- 
chures published 1948-1949 are com- 
piled this volume. Abstracts 
technical societies were canvassed regu- 
larly for material taken from more than 
500 sources the world over. 

The NACE Abstract Filing Index 
used classify the material topically. 
Literature put into eight main groups 
the NACE system: general, testing, 
characteristic corrosion phenomena, cor- 
rosive environment, 
ures, materials construction, equipment 
and industries. Each main group subdi- 
vided. Topical cross-references are ap- 
pended each section. 

The subject index, addition terms 
the NACE Abstract Filing System, 
lists many metals and alloys trade 
name and indexes them specific 
properties and behavior 
media. There are more than 2700 names 
the author index; companies and asso- 
ciations are not listed. Referencing 
the classification and serial numbers 
each abstract. These numbers and the 
reference data are emphasized type 
stvle and arrangement. The appendix 
aids the user locating and obtaining 
copies unfamiliar foreign domestic 
journals. 

This the third series NACE 
bibliographies corrosion literature. The 
preceding two volumes, covering 1945 
and 1946-1947 respectively, contained 
4448 abstracts. 8616 
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MICROFILM COPIES 


Technical Articles Abstracted 
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May Obtained From 


ENGINEERING SOCIETIES LIBRARY, 
West 39th Street, New York 18, 

CARNEGIE LIBRARY PITTSBURGH, 
4400 Forbes St., Pittsburgh 13, Pa. 

NEW YORK PUBLIC LIBRARY, New 
York City. 

LIBRARY, Office Librarian, Wash- 
ington, (Special forms must 
secured). 

LIBRARY CONGRESS 
Washington, 


JOHN CRERAR LIBRARY 
East Randolph St., 
Chicago 


Persons who wish secure copies 
articles when original sources are un- 
available, may apply directly any 
the above for copies. Full reference in- 
formation should accompany request. 
The National Association Corrosion 
Engineers offers warranty any 
nature concerning these sources, and 
publishes the names for information 
only, 

NACE will NOT accept orders for 
photoprint microfilm copies ma- 
terial not published the association. 


CODE AGENCIES SUPPLYING CORROSION ABSTRACTS 


Neither NACE nor the sources listed below furnish reprint copies. 


ALL—The Abstract Bulletin, Aluminium Laborato- 
ries, Ltd. P. O, Box 84, Kingston, Ontario. 

ATS—Associated Technical Services Abstracts, 
Associated Technical Services, P. O. Box 
271, East Orange, N. J. 

AWWA—Journal, American Water Works Associ- 
ation, Amer, Water Works Asoc., 521 Fifth 
Ave., New York 17, N. Y. 

BL—Current Technical Literature, Bell Telephone 
Laboratories, Inc., Murray Hill, N. J 

BTR—Battelle Technical Review, Battelle Memo- 
rial Institute, 505 King Ave., Columbus 1, 
Ohio. 

BNF—Bulletin; British Non-Ferrous Metals Re- 
search Association. 81-91 Euston St., London 
NW 1, England. 

CBEC—Centre Belge d’Etude de la Corrosion 
(CEBELCOR), 17 re des Drapiers, Brussels, 
Belgium. 

CE—Chemical Engineering, McGraw Hill Publish- 
ing Co, 330 42nd St., New York 18, 

EL—Electroplating. 83/85 Udney Park Road, 
Teddington, Middlesex, England. 

EW—Electrical World, McGraw-Hill Publishing 
Co. 330 W. 42nd St., New York 18, N. Y. 

GPC—General Petroleum Corp. of California. 2525 
East 37th St., Los Angeles 11, Calif. 

The Indian Institute 
Metals, 23-B, Notaji Subhas Road, P. O. 
Box 737, Calcutta, India. 

INCO—The International Nickel Co., Inc, 67 Wall 
Street, New York 5, New York. 

Petroleum. Portland Place, 
London W#1, England. 

JSPS—Japan Society for the Promotion Science, 
Address: Mr. Hayata Shigeno, Secretary, 
Committe2 of Preventing Corrosion, c/o 
Government Chemical Industrial Research 
Institute, 1-Chrome Nakameguro, Meguro- 

ku, Tokyo, Japan. 


MA—Metallurgical Abstracts, Institute of Met- 
als, London, England. 4 Grosvenor Gardens, 
London SW 1, England. 

Mi—Metallurgia Italiana, Associazone Italiana di 
Metallurgia. Via S. Paola, 10, Milano, Italia. 

MR—Metals Review, American Society of Metals. 
7301 Euclid Ave., Cleveland 3, Ohio. 

NALCO—National Aluminate Corp. 6216 West 
66th Place, Chicago 38, Illinois. 

NBS—National Bureau of Standards. Supt. of 
Documents, U. S. Gov‘t Printing Office, 
Washington 25, D. C. 

NSA—Nuclear Science Abstracts. United States 
Atomic Energy Commission, Technical In- 
formation Division, Oak Ridge, Tenn. 

PDA—Prevention Deterioration Abstracts. Na- 
tional Research Council, 2101 Constitution 
Ave., Washington 25, D. C. 

RM—Revue de Metallurgie, Paris, France, 5 Cite 
Pigalle, Paris (9e), France. 

RPI—Review of Current Literature Relating to the 
Paint, Colour, Varnish and Allied Industries, 
Research Association of British Paint, Colour 
& Varnish Manufacturers, London, Walde- 
grave Rd., Teddington, Middlesex, 

SE—Stahi Und Eisen, Verlag Stahleisen, M. B. H., 
Dusseldorf, August-Thysen Str. 1. Posts- 
check Koln 4110, (22a) Dusseldorf, Germany. 

TIME—Transactions of Institute of Marine Engi- 
ones 85 The Minories, London EC 3, Eng- 
and. 


UOP—Universal Oil Products, 310 South Michi- 
gan Ave., Chicago, Illinois. 


Development Association. Berkeley 
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1.5 Directories Material 


1.5, 6.1 

16th Biennial Materials Construction 
Report. Chem. Eng., 61, No. 11, 171-234 
(1954) November. 

Survey sums the corrosion resist- 
ance, properties, forms and uses the 
most common materials construction 
including iron, steel, cast iron, special 
cast irons such nodular, Duriron and 
Durichlor, stainless steels, Chlorimet- 
Hastelloy alloys, Worthite, aluminum, 
copper and alloys, lead, nickel and alloys, 
such Monel and Inconel, tantalum, 
plastics, carbon and graphite, rubbers, 
cements and resins. Corrosion data charts 
covering materials vs. corrosives 
are included well directory ma- 
terials giving manufacturers, composition 
and 8574 


1.6 

1954, 560 pp. Macmillan and Co., Ltd. St. 
Martin’s Street, London. 

Mr. Bailey commended for at- 
tempting, with considerable success, 
provide book 560 pages compre- 
hensive introduction general metal- 
lurgy for students and 
technical colleges, whom the reviewer 
particularly recommends the book. The 
author first deals with the nature, struc- 
ture and properties metals and alloys 
and the methods used for the examina- 
tion metallic structures, and considers 
the extraction and refining metals both 
ferrous and non-ferrous. The melting, 
casting, working and testing metals 
are then discussed and final chapter 
covers temperature measurement. Space 
has been found for useful introductions 
atomic theory, X-ray diffraction and 
the physical chemistry thermal oxida- 
tion and reduction processes. few er- 
rors have inevitably crept in: thus Fig. 
upside down; and page in- 
correctly stated that with plastic metals 
compression can continued under con- 
stant true stress friction eliminated. 
certain amount generalization and 
book this kind, which makes the guide 
further reading the end each 
chapter particularly useful. Collected ex- 
amination questions are 

8404 


1.6 Books 


3.1 

Deterioration Materials. Causes and 
Preventive Techniques. GLENN GREAT- 
HOUSE AND WESSEL, editors. Book, 
1954, 835 pp. Reinhold Publishing Corp., 
New York. 

Atmospheric, chemical, 
deterioration metals, wood, paper, tex- 
tiles, plastics, rubber, coatings, and elec- 
tronic, optical, and photographic equipment. 
—BTR. 8538 


Nickel Iron and Steel. 
595 pp., 1954. John Wiley Sons, 
Inc. 

Reviews and correlates important pub- 
lished data nickel alloying ele- 
ment steel and cast iron. Corrosion and 
the welding nickel steels, structure and 
heat treatment wrought cast 
nickel steels, and the mechanical proper- 
ties cast irons containing nickel are 
few the important subjects discussed. 
—INCO. 8553 
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1.7 Organized Studies 
Corrosion 


Research and Information Services 
Available the Fight Against Corro- 
sion. (In Italian). Metal- 
lurg italiana, 46, special supplement No. 
136-140; disc. 140 (1954) May. 

Research work and organization 
Belgian Center Corrosion Study. 
references.—BTR. 8680 


Organization and Activity Research 
and Testing the Field Corrosion 
the Breda Istituto Ricerche Scientifi- 
che Applicate all’Industria. (In Italian). 
Metallurgia italiana, 46, spe- 
cial supplement No. 147-148 (1954) 
May. 

Outline current activity. refer- 
ences.—BTR. 8590 


TESTING 


2.3 Laboratory Methods and 
Tests 


Humidity Cabinets Don’t Tell the 
Whole Story. Quaker 
Chemical Products Corp. Steel, 135, No. 
114-116, 118 (1954) July 12. 

Field evaluation results are compared 
with accelerated laboratory test results 
the investigation corrosion preven- 
tives, Photographs show poor correlation 
between humidity tests and industrial 
conditions; steel panels exposed for 
months industrial location are com- 
pared with panels humidity chamber 
tor days 100°F. and 100% relative 
humidity. Development accelerated 

8641 


2.3.2, 5.8.2, 8.4.3 

Laboratory Evaluation Inhibitors for 
Sweet Gas-Condensate Wells. 
SNIDER, TRESEDER AND WACHTER. 
11, No. 19-21 (1955) Jan. 

Simple test methods are described for 
laboratory evaluation corrosion inhib- 
itors for use sweet gas-condensate 
wells. rotated bottle type test 180°F. 
with steel strip mixture kerosene 
and water used screen possible in- 
hibitors. Additional tests under varied 
conditions are made evaluate persist- 
ence inhibition. sealed tube test has 
been developed assess the corrosive- 
ness concentrated inhibitors steel 
well bottom temperatures. 

Good correlation has been be- 
tween the laboratory screening test re- 
sults and field trial experience. 8460 


2.3.4 

Determination Oxygen Certain 
Gases. SILVERMAN AND 
North American Aviation, Inc., Contract 
AT-11-GEN-8, April 15, 1954, pp. 

Present day studies corrosion 
metals liquids necessitate the prepara- 
tion and analysis inert gas blankets 
free, nearly free, oxygen. Micro 
amounts oxygen may determined 
the inert gases, hydrogen, nitrogen and 
carbon dioxide modification the 
Winkler method, which the oxygen 
absorbed manganous hydroxide; 
equivalent amount iodine liberated, 
then extracted into ortho-xylene and de- 
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termined colorimetrically. The analysis 
takes place low pressures, from 350 
760 Hg, whereby small volume 
gas (250 500 milliliters) can 
reproducibility 0.7 parts per 
million better was obtained over 
range parts per million oxy- 
gen (microliters per liter). The method 
can extended 150 parts per million 
oxygen extracting into larger quan- 
tities ortho-xylene. Improved methods 
removing dissolved oxygen from ana- 
lytical reagents result constant, but 
low, blank which permits the degree 
precision obtained. 8653 


2.3.5 

New Method for Measuring Poten. 
tials Polarized Electrodes Soil Cor. 
rosion Cells. NEIGHBOURS. Corrosion, 
11, No. 28-30 (1955) Feb. 

method interrupting the current 
through soil corrosion cell and meas- 
uring the potentials the polarized elec- 
trodes during the period 
described. electronic circuit used 
interrupt the current and the 
across the cell interruption balanced 
against known potential, 
being used null indicator. 8452 


for Corrosion Study. 
Labs., Sheffield, England. Brit. 
Physics, 351-352 (1954) Oct. 

The potential difference between 
standard electrode and test electrode 
electrolytic cell forms the input toa 
thermionic d-c The output cur- 
rent the amplifier flows the 
test electrode and third electrode 
platinum. Any change potentia! the 
test electrode alters the output current 
reduce the charge, the system forming 
proportional controller. 
The two-stage amplifier symmetrical, 
that zero reverse current can 
obtained without loss 
output can supplied with less 
than 100 variation electrode poten- 
tial. 8635 


2.3.5, 2.2.6 
Laboratory Measurement Corrosion 
Soils. Tech. News Bull. Natl. 
Standards, 38, 13-14 (1954) 
Six-month test shown agree with 
ten-year field tests, Cell uses differential 
aeration metal discs contact with 


soil—BTR. 8594 


General Co. Annals the New 
York Academy Sciences 
Properties Surfaces), 58, No. 
950 (1954) Sept. 15. 

Discussion very sensitive method 
exploring small regions (less than 
conducting surfaces with fine 
(diameter 2-mils less) 
probes. Platinum was used for the probes 
avoid high resistance films the 
measuring circuit, and gold was 
8680 


7.2 

Tentative Standard Method for 
uring Electrical Conductance 
Buried Pipe Lines. Report 
nical Unit Committee T-2D 
ization Procedures for Measur Pipe 
Coating Conductance. WILLIAM 
DLESTON, Chairman. Corrosion, 11, 
59-62 (1955) Feb. 
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formulated with BAKELITE resins 


“Ucilon” Protective Coatings base 


Vinyl Resins, used this 
tank, are produced United Chromium, Incorporated, New York 17, 


The case Tank No. typical 
one. conventional coating failed. 
Rather than continue with costly short- 
lived maintenance, Colgate-Palmolive 
Company engineers undertook exten- 
testing wide variety coatings. 

Coatings based Brand 
Vinyl Resins proved superior these 
tests and, consequently, were applied 
the tank structure shown the pho- 
tograph. That will long time 
before further maintenance work 


needed has been shown case histo- 
ries over and over again. 

Coatings based Resins 
are tough, durable, and tenacious. They 
resist acids, alkalies, salt air and water, 
temperature extremes, and rough serv- 
ice. They provide longer wear metal 
and masonry surfaces, and long-term 
economy that superior. Our booklet, 
“BAKELITE Resin Coatings for Industry” 
shows interesting Write 


Dept. GQ- 33. 


Phenolic, Epoxy, and Styrene Resins for Coatings 


BAKELITE 


Resins 


BAKELITE COMPANY, Division Union Carbide and Carbon Corporation East 42nd Street, New York 17, 
The term and the Trefoil Symbol are registered trade-marks UCC 


106 


method for measuring the electrical con- 
ductance buried submerged pipe 
lines are proposed. Definitions, test con- 
ditions and set up, instruments, proce- 
dures, calculations and methods re- 
porting results are covered. Appendix 
includes pertinent formulae, suggested 
forms for making reports. 8462 


2.3.5, 6.2.5, 3.6.5 

Method for the Study Corrosion 
Phenomena. Nature, 173, 
739 (1954) April 17. 

The rate corrosion stainless steels 
was measured while the potential was 
held constant various values po- 
tentiostat. Much useful information 
obtained from the resulting curve cor- 
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rosion rate against potential; particu- 
lar, the wide range conditions under 
which the oxide film stable and the cor- 


rosion rate very low 
8556 


2.3.5, 6.3.6, 3.5.8 

the Use Electrical Resistivity 
Acta Metallurgica, No. 318-321 (1954) 
March. 

has been shown that, for fine-grained 
polycrystalline copper, the stress neces- 
sary continue plastic deformation 
tension, below ordinary recovery temper- 
atures, can determined measure- 
ments the temperature, strain rate, and 
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TP-1 Report on Field Testing of 32 Al- 
loys in the Flow Streams of Seven 
Condensate Wells (Pub, 50-3) NACE 
members, $8; Non-members, $10 per 
Copy. 

T-1A Survey of Corrosion Control in Cali- 
fornia Pumping Wells. A Report of 
T-1A on Corrosion in Oil and Gas 
Well Equipment, Los Angeles Area. 
54-7. Per copy, $.50. 


Sulfide Corrosion Cracking of Oil 
Production Equipment. Report 
Technical Unit Committee T-1G on 
Sulfide Stress Corrosion Cracking. 
Pub, 54-5. $.50 Per Copy. 


Reports to Technical Unit Commit- 
tee T-1J on Oilfield Structural Plas- 
tics. Part 1, Long-Term Creep of 
Pipe Extruded from Tenite Butyrate 
Plastic. Part 2, Structural Behavior 
Unplasticized Geon Polyvinyl 
— Publication 55-7. Per Copy 
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Summary of Data on Use of Struc- 
tural Plastic Products in Oil Pro- 
duction. A Status Report of NACE 
Technical Unit Committee T-1J on 
Oilfield Structural Plastics. Per 
Copy $.50. 

Service Reports Given on Oil Field 
Plastic Pipe. Activities Report of 
T-1J on Oilfield Structural Plastics. 
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Oilfield Structural Plastics Test Data 
are Given. Activities Report of T-1J 
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TP-2 First Interim Report on Galvanic 
Anode Tests. (Pub. 50-2) NACE 
members, $3; Non-members, $5 per 
copy. 

Some Observations Cathodic Pro- 
tection Potential Criteria in Local- 
ized Pitting. A Report of T-2C on 
Minimum Current Requirements for 
Cathodic Protection. Pub. 54-2. Per 
Copy $.50. 

TP-3 First Interim Report on Ground 
Anode Tests. (Pub. 50-1) NACE 
members, $3; Non-members, $5 per 
copy. 


Some Corrosion Inhibitors—A Refer- 
ence List. Report T-3A 
Corrosion Inhibitors, Publication 
55-3. Per Copy $.50. 
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T-3E Tentative Procedures for Preparing 
Tank Car Interiors for Lining. A 
Report by NACE Task Group T-3E-1 
on Corrosion Control of Railroad 
Tank Cars. Per Copy $.50. 

T-4B-3 Tests and Surveys for Lead Sheathed 
Cables the Utilities Industry. Sec- 
ond Interim Report of Technical 
Unit Committee T-4B on Corrosion 
Cable Publication 54-6. 
Per Copy $.50. 


Pipe-Type Cable Corrosion Protec- 
tion Practices in the Utilities In- 
dustry. First Interim Report of Tech- 
nical unit Committee T-4B on 
Corrosion Cable Sheaths, Publi- 
cation Per Copy $.50. 


Sour Oil Well Corrosion. Corrosion 
August, 1952, issue. NACE members, 
$.50; Non-members per copy. 


Field Experience With Cracking of 
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Oil Wells, (included in Symposium 
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Materials Construction for Han- 
dling Sulfuric Acid. Corrosion, Au- 
ust, 1951, issue, NACE members, 
.50; Non-members, per copy. 
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Unit Committee T-5B High Tem- 
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T-6A Application Techniques, Physical 
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Report Unit Committee T-6A 
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Publication 54-4, Per Copy, $.50. 
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copy, $1; five or more copies to one 
address, per copy $.50. 
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residual electrical 
after_a room temperature anneal. 
and 8726 


2.3.5, 6.3.20 

Method Estimating the Local Cor. 
rosion Current Zirconium. (In 
BERGHE. Metallurgia italiana, 46, special 
supplement No, 45-46 (1954) May. 

Method uses artificial separation 
anodic and cathodic zones. Diagrams, 
references.—BTR. 8660 


2.3.6, 3.7.4, 3.6.5 

The Mechanism Metallographic 
Etching. The Reaction Potential 
Two-Phase Brass Various Etching Re. 
Electrochem. Soc., 101, No. 124-127 
(1954) March. 

Specimens the brass (60.75% copper, 
38.55% zinc, remainder manganese, iron, 
silicon, lead), were coated with resin ex- 


cept for isolated portion phase 
being investigated. The the 
phases etching reagents meas- 


ured; the potential the beta phase was 
consistently 0.01-0.03V more anocic than 
that the alpha the same 
the 8412 


Local Tendencies Change 
tion Pressure” Metals Low 
Stresses. (In German). 
loberflache, Sec. Al-A7; 
(1954) Jan., Mar. 

Solution pressure defined the EMF 
produced system (stressed im- 
mersed liquid) due ion migration 
(metal liquid only). Variation solu- 
tion pressure due variations stress: 
possibility applying measurements 
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this change stress-corrosion problems. 
Purpose investigation attempt 
prove relation between crystalline slip 
stressed specimens and changes solu- 
tion pressure by measuring potentials on 
surfaces under different stresses and 
metallographic investigations. Low stresses 
only were investigated. Experimental set 
and details for measurement poten- 
tials stressed, immersed specimens are 
given. Materials investigated were: Armco 
‘ron, copper, platinum, zinc, St. and 
V2A Potential/stress curves show 
breaks stresses; repeated 
stressing same specimen raises stress 
which break occurs. Factors contrib- 
uting ‘his effect are discussed. Control 
tests stress behavior, using mirco 
tensile are described. Metallo- 
graphic specimens (data 


only for was 8417 


2.3.7, 2.4.2 

Faticue Testing Machine for Range 
Peck, Jr. Bull., No. 
200, (1954) Sept. 

rotating-beam 
mens range loading from pure 
pure bending any combina- 


2.3.7, 2.4.2 

Fatigue Testing Fixtures. 
Eng., 25, No. 200-205 
(1954) J 

Desigi fixtures for holding speci- 
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cathodic protection service 
Eighteen cathodic protection 
engineers with combined 
total over 150 years ex- 
perience available serve 
you with ABILITY and IN- 
TEGRITY. 


Houston, 4601 Stanford St. 
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CATHODIC PROTECTION 
Surveys Designs Engineering 
Pipe Lines Offshore Platforms 
Refinery and Gasoline Plant Lines 
Municipal Systems Barges 
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Electro Rust-Proofing Corp. 
Engineering Division 
Corrosion Surveys 
Cathodic Protection Design 
Plans Specifications 
Electrolysis Control 
Testing 


BELLEVILLE NEW JERSEY 
Atlanta Chicago Dallas Monrovia 


Complete 
CATHODIC PROTECTION 


Systems service for special ap- 
water tanks and pipe 
ines, 
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mens various types fatigue testing 
machines: bending, torsion, tension-com- 
pression, simulated 8566 


Some Remarks Stress Corrosion 
woop. Corrosion, 11, No. 53-58 (1955) 
February. 

Some the theories relating the 
influence stress accelerating corro- 
sion are reviewed briefly. warning 
given not make assumptions the 
resistance stress corrosion mate- 
rial solely the basis timed test 
because the cumulative nature the 
phenomenon. The merits and uses 
several kinds stress corrosion tests are 
explained and some the factors 
considered evaluating results enumer- 
Influence the environment, metal 
structure, specimen orientation, surface 
area and finish are considered. The sev- 
eral means applying stress speci- 
mens, the devices used apply the stresses 
and some the merits and demerits 
various testing devices are considered. 
8456 


Methods for Studying the Thermal 
Resistances Sprayed and Electrode- 
posited Metal Coatings. 
AND Brit. Applied Phys- 
ics, No. 312-315 (1954) Sept. 

Methods for rough and 
faces; with the latter the thermal resist- 
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ance both the coating metal and its 
bond the basis metal can studied. 
The thermal conductivity sprayed 
steel was found much less than that 
normal bulk 8689 


Present Position German Standard- 
isation Basis for Investigation 
Electrodeposits. (In German). SCHIK- 
ork. Metalloberflache, Series No. 
B57-B60 (1954) 

view intensive German activities 
electroplating and allied fields (30 
specifications drafts are listed title), 
discusses relation the specifications 
testing thickness (microscope, solu- 
tion, nondestructive methods), porosity, 
corrosion, surface 8642 


2.3.9 

Continuous Polarographic Investiga- 
tion the Kinetics Corrosion. (In 
Metallurgia 46, special 
supplement No. 129; 144 (1954) 
May. Equipment and 


8710 


2.3.9, 6.4.4 

AND Hermon. Metal Ind. (London), 
85, No. (1954) July 

With the recent introduction mag- 
nesium alloys containing 1-5% zinc, the 
gravimetric procedure for zine determi- 
nations has become both tedious and diffi- 
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cult. polarographic method using the 
following reagents: hydrochloric acid 25% 
w/v, sodium hydroxide 40% w/v, gelatin 
solution 0.55% w/v, has been found very 
suitable for control purposes and repro- 
ducibility results not affected 
small percentages zirconium, thorium 
and rare earth metals present the new 
magnesium 8663 


2.3.9, 4.7 

Technique for Corrosion Testing 
Liquid Lead. CATHCART AND 
Corrosion, 10, No. 12, 
432-434 (1954) Dec.; Oak Ridge National 
Lab., ORNL-1737, Contract No. W-7405- 
eng-26, Aug. 19, 1954, pp. 

new testing technique has been de- 
vised which was found satisfactory 
for comparing the dynamic corrosion 
liquid lead. The tests were conducted 
small quartz thermal convection loops. 
The necessary apparatus simple, 
easy construct and relatively inexpen- 
sive, addition the method afforded 
means studying metals such chro- 
mium and molybdenum which, because 
difficulties fabrication lack ox- 
idation resistance, could not tested 
more conventional techniques. 8469 


2.3.9, 4.7, 3.7.2 

Solutions Liquid Iron. Pt. Diffu- 
sion Cobalt and Carbon, Morcan 
AND Trans, Faraday Soc., 
50, Pt. 51-60 (1954) Jan. 

Technique was developed for determining 
the diffusion coefficients solutes 
liquid iron, Radio-tracers are used 
obtain concentration-distance curves after 
diffusion has occurred along narrow 
column iron. The method was tested 


ENDS PIPING 
SHUTDOWNS 


This PVC piping 
with injection molded 
fittings—lasts and lasts 
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and carbon the diffusing elements. Re- 
sults can accounted for treating 
liquid iron-cobalt solutions 
tional alloys and iron-carbon solutions 
disordered austenite. other determi- 
nation the diffusion coefficient cobalt 
liquid iron has been reported. Graphs, 
tables and references—INCO, 8415 


2.4 Instrumentation 


2.4.2, 5.3.4 

Laboratory-Scale Simulation the 
Electro-Tinplate Manufacturing Process. 
Inds., 31, No. 329, 733-737 (1954) Sept. 

laboratory tinning line the electro- 
lyte the cell pumped high speed 
between stationary electrodes. This 
believed simulate industrial conditions 
while being more flexible than actual 
small-scale model. Flow-brightening 
carried out high-current resistance 
heating. Apparatus was used study the 
effect various factors the quantity 
electro-tinplate, and the reaction be- 
tween tin and iron during flow-brighten- 
8589 


2.4.3 

Ultrasonic Transparency Steel and 
Its Bearing the Results Obtained with 
the Pulse-Reflection Technique. 
und Eisen, 74, No. 26-33 
(1954). 

Need for uniform longitudinal and 
transverse transparency steel ultra- 
sound when estimating the size inter- 
nal defects. Attenuation ultrasound 
before and after forging. Factors capable 
producing misleading reflectograms; 
factors due testing procedure; and 
factors due condition work piece 


this plant, unplasticized PVC piping handles sulfuric, nitric, 
muriatic, phosphoric, and acetic.acids. Pressures range 100 
psi. This PVC piping, using Tube Turns Plastics’ injection 
molded PVC fittings, has been service for months, shows 
signs deterioration. Yet the metal and alloy metal piping 
replaced failed months intervals from corrosive 
action. Cut your maintenance —eliminate shutdowns and 
hazards. Write for free booklet describing properties unplas- 
ticized PVC fittings and flanges. Tube Turns Plastics, Inc., Dept. 
PG-8, 224 East Broadway, Louisville Kentucky. 


TUBE TURNS PLASTICS, INC. 


224 East Broadway Kentucky 
Call TUBE TURNS 


being tested, Study ultrasonic trans. 
parency large forgings function 
position specimen cross section and 
heat treatment. Influence ferrite 
grain boundaries, coarse structure, and 
carbon segregation test results. Trans. 
parency function frequency selected 
for testing. Conclusions drawn 
design ultrasonic testing apparatys 
(including the use transducer adap- 
tors) and the best testing procedure. 
Abridged translation available: Henry 
Brutcher, Box 157, Altadena, 

8581 


2.4.3 

Some Factors Importance Ultra. 
tive Testing, 12, No. 13-18 (1954) 
June. 

Investigation some factors 
the interpretation ultrasonic 
echoes alloy cop- 
silicon-1 manganese-0.5 
short distance from the 
cation rises maximum, then 
almost exponentially with dis- 
tances; with small test pieces 
ment reflection from the sides causes 
other maximum points the Size 
crystal, frequency and per- 
formance were examined. Probe 
ity variations may cause 


2.4.3 
Contribution the Theory Prac- 
tice Ultrasonic Testing Materials, 
(In German). SEEMAN AND 
Bentz. Metall, No. 1/2, 1-11 (1954) 
Fundamental physical considerations; 
methods and apparatus; practical appli- 
cations; technique and practical results 
(folds; head cracks 
metallic inclusions; 
8650 


2.4.3 

Selection Methods for Nondestruc- 
tive Inspection. ASM Committee 
Nondestructive Inspection. Meta! 
ress, 66, No. 1-A, 159-163 (1954) July 15. 

Definition methods, evaluating sound- 
ness steel welds, detecting cold shuts 
cast bronze bushings, inspection 
heat resisting metals, determining sound- 
ness aircraft turbine disks, and sorting 
mixed lots steel. Tables. references. 
—MR. 8655 


2.4.3, 2.3.9 
Radiographic Characteristics High 
Energy X-Rays. Pace. 
tive Testing, 12, 21-25 (1954) 
Utilization high-voltage X-radiation 
radiographic inspection reveals many 
interesting characterstics not 
with lower voltage X-rays. 
grams, radiographs, photographs 
8600 


2.4.3, 3.2.2, 6.2.5 

Analyses Metallic Sound Meas- 
urement Intercrystalline Corrosion 
18/8 Stainless Steel. (In Italian). Mas! 
AND Metallurgia italiana, 46, spe- 
cial supplement No. disc. 
128, 140 (1954) May. 

Theory, techniques, and 
8742 


X-Ray While Hot Speec 

and Welding, 27, 58+ (1954) 


Nondestructive examination 
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on and 4 
Tough River Crossing Conditions 
Tans- 
adap- 
Bail Joint Pipe 
858] 
Ultra. 
pipe selected for this river crossing had 
May. tough, inside and out. with joints flexible enough 
ride down launching ramp inclined 10-degrees, 
sium), tons force required pull assembled lines across 
thousand feet river bottom and once installed, resist 
dis- the corrosive effect sea water outside, and the erosive 
the gritty residue conducts inside 
Molox Ball Joint Pipe, furnished the American 
Cast Iron Pipe Company chrome alloy iron, was 
for the residue-carrying lines large Mobile, 
8591 aluminum plant. 
Three ten-inch Molox Ball Joint Pipe lines 
now replace pipe substitute material which 
failed service. Also, six-inch Molox Ball Joint 
line now serves here conduit for electrical 
cable. And, like hundreds other Molox Ball 
Joint Pipe Lines now service, they are meetin 
non- y g 
BNE. tough requirements—permanently. 
8650 
Pre-assembled 64-foot sections, four parallel lines 
Prog- AMERICAN Molox Ball Joint Pipe were pulled, pairs, 
from this inclined launching ramp across the Mobile 
SO 
shuts River. steel guided and protected the 
leading end pipe lines. 
oOund- 
orting 
Molox Ball Joint Pipe was developed the 
8655 American Cast Iron Pipe Company espe- 
cially for sub-aqueous service. can 
High furnished sizes 48”, with the wall 
thickness and metal analysis suit your 
specific need. Your inquiries are welcomed, 
and impose obligation. 
served 
—MR. 
Meas- 
ion 
spe- 
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radiography permits quality checks on- 
the-spot any stage and temperatures 
1200° Photograph, diagram, table. 
—MR. 8504 


2.4.3, 8.8.1 

Detecting Corrosion Chemical Plant. 
Corrosion Technology, No. 
333-335 (1954) November, 

Describes ultrasonic thickness gauge 
and its use the chemical industry 
check for corrosion and wear pipes, 
boilers and storage tanks without inter- 
fering with production. Formation 
scale other deposits the wall being 
measured does not affect the readings. 
Principle the ultrasonic gauge cov- 
ered, and actual installations where the 
gauge currently successful use are 


8666 
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3.2 Forms 


Metals with Whiskers. 
Bell Labs. Record, 32, No. 11, 417-420 
(1954) November. 

Discusses growth whiskers zinc- 
plated parts channel filters, Neither 
high relative humidity, elevated tempera- 
tures, nor the presence organic matter 
are necessary develop characteristic 
surface condition, indicating that corro- 
sion normally encountered not the 
cause the trouble. X-ray diffraction 
camera showed that filaments removed 
from zinc-coated filter bracket consisted 
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single crystals metallic zinc. Metals 
other than zinc, cadmium and tin develop 
whiskers and some 2000 specimens are 
under test present. Lacquer coatings 
are easily penetrated whiskers. 
8515 


Notes System for Rating Pitting 
Corrosion. HENKE, Corrosion, 
11, No. 50-52 (1955) Jan. 

system proposed for describing 
corrosion pits metal surface 
combination agglutinated numbers and 
letters coded schedule rating the 
principal characteristics pitting corro- 
sion. The system would facilitate transmis- 
number covering their depth, equivalent 
ameter (including those irregular 
area (expressed percentage sur- 
face), nature pit walls and (re- 
duced standard interval). 

material thickness rather than finite 
dimension, walls would rated 
angle and time would 
per year. Area pits 
total area would determined plac- 
ing over the pitted surface 
grid and comparing the area visual! with 
conventional standard delineat 
stages severity. 

Suggestions and recommendati: for 
improvement the system and 
sion specimens pitted are 


solicited the author, 8455 


3.2.2, 6.3.14 

Accelerated Growth Tin Whiskers. 
Acta Metallurgica, 368-369, 
371-373 (1954) May. 

The growth rate tin can 
previously observed spontaneous rate 
applying pressures 7500 psi. 
whiskers exhibit three stages growth: 
induction period (sometimes extremely 
short), period constant growth and 
third period which abrupt tran- 
sition much slower growth rate oc- 
curs. The growth rate during the second 
period directly proportional the ap- 
plied pressure. The spontaneous growth 
rate corresponds free-energy dissi- 
pation about 0.1 joule per atom 
tin and the fastest accelerated rate 
about 10* times this value. The tin whis- 
kers grow from the base rather than from 
the 8573 


3.2.2, 5.9.2, 6.2.3 

Some Effects Hydrogen the De- 
layed Fracture High-Tensile Steel. 
search Inst. Steel Inst., 178, 
15-18 (1954) September. 

Investigation was made the 
fracture 0.9% carbon steel the form 
circlips into which hydrogen was 
troduced electrolytic pickling. 
storage and tempering treatments, which 
produced more less complete recov- 
ery the normal mechanical properties, 
the tendency fracture with short delay 
times was greater for samples had 
been pickled. Effect hydrogen the 
delayed fracture characteristics 
with the hardness the steel. Resu are 
discussed the basis the Griffith crack 
theory brittle fracture. Table and 
references.—INCO. 


3.2.3, 3.5.9, 6.2.2 
Hot Oxidation Iron. 
Metallurgia italiana, 46, 410-412 
The behavior iron hot 
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lated with the temperature discussed, 
together with the composition and adher- 
ence compactness oxide film formed. 
The diagram quadratic oxidation 
speeds identifies two different 
behavior, through two directrices having 
different slope, respectively below and 
over 500C. 

Occurrence points which deviate 
from the upper directrix around 530 and 
relate with oxygen penetration 
through the film porosities and cracks. 
the normal conditions tem- 
peratures 700 and 1000C 
due the achieved impermeability the 
ferric oxide layer. 

These phenomena not allow for de- 
tection further more important singu- 
larities hich could expected ac- 
count some modifications metal 
particularly with regard 
the iron and its change 


and 
five 
corro- 
nsmis- 
ent di- 
hape), 
sur- 


ntage 
finite 
rtical 


3.2.3, 
The Charge the Photographically 
Active Emitted Metals Dur- 
ing Atmospheric Corrosion. (In Russian). 
Chem. USSR. (Zhur. Fiz. Khim.), 28, No. 
raphic plates were exposed for 
bmis- the action zinc plates under- 
are going corrosion. each test 
three were used: one was subjected 
the second the negative potential 
skers. same absolute value and the third was 
8-369, between ihe optical the plates thus 
exposed, which led the conclusion that 
the photographically active 
the emitted metals not carry elec- 
tric charge. This fact does not exclude 
the possibility that metals undergoing 
may emit charged particles 


emely which are not photographically 


1 and MA. 8633 
tran- 

3.2.3, 4.2.1 

The Composition the Photographi- 
eap- Active Particles Emitted Metals 
During Atmospheric Corrosion. (In Rus- 
SSSR, 94, No. 1117-1120 (1954). 

Photographic plates were placed over 
0.01% hydrogen peroxide solution (for 
over zine plates (for days), over 
0.1% solution (for hr.) and 


over 0.1% mercuric chloride solution (for 
De- hr.), before and after exposure for 
length varying from 406 620 The 
curves showing the variation optical 

with wave-length obtained with hydrogen 
peroxide solution and zine plates almost 
coincided, leading the conclusion that 
photographically active particles emitted 
metals are molecules hydrogen 


layed 


8634 
lelay 


are 


Acta Metallurgica, No. 
696-712 (1954) Sept. 

Rates oxidation and structures 
anodic and thermal oxidation. Tables, 
s—BTR. 8528 
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3.3 Biological Effects 


3.3.4, 1.3 

MINCHIN. Gas Age, 114, 45-47, 101-102 
(1954) October 


European survey microbiological 
anaerobic corrosion with special reference 
experience Low Countries. Table, 
photographs. 


3.4 Chemical Effects 


3.4.8, 4.2.3 

The Detrimental Effects Sulphur 
Fuels. Parker. Paper before Inst. 
Fuels, London, October, 1954. Corrosion 
Prevention Control, No. 547-552 
(1954) November. 


Typical examples the difficulties and 
detrimental effects due sulfur fuels 
are reviewed, Sulfur has adverse effect 
making iron and steel, glass- 
making, boilers and furnaces, domestic 
heating appliances and internal com- 
bustion engines. Corrosion damage 
atmospheric sulfur and removal sulfur 
from flue gases are discussed. the var- 
ious methods investigated, the one show- 
ing the greatest promise that which 
the gases are washed with solution con- 
taining ammonia. 8610 


3.4.8, 6.3.10 

the Influence Chloride Ions 
the Mechanics Dissolution Nickel 
Anodes Sulphate Baths. 
AND RAGHEB. Werkstoffe Korrosion, 
No. 217-222 (1954) June. 

Anodic behavior nickel nickel sul- 
fate solutions was investigated, was 
the effect ammonium and nickel chlo- 
ride additions. Best method for preparing 
the electrode was anodic preliminary 
treatment N-hydrochloric acid 0.3-0.4 
amp. /sq. cm. higher anodic current po- 
tentials anodic polishing took place, 
while lower potentials, the nickel only 
commenced corrode, with insufficient 
removal the surface layers. Ammo- 


SILVER PRIMOCON indeed out- 
standing development primer for 
underwater bare steel. has been 
conclusively proven that its use ma- 
terially retards corrosion. Outstand- 
ing results over million tons 


shipping throughout the world. Mod- 
erately priced. Applied conven- 
tional methods. Equally effective for 
the protection new and old under- 
water steel marine equipment. Write 
for particulars circular form. 
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nium nickel chloride addition 
the porosity primary oxide layer pres. 
ent the nickel, thereby improving the 
surface layers different electrolytes are 
calculated from the Muller-Machu log 
curves and the influence chloride 
ions quantitatively determined. com. 
parison with pure nickel sulfate, mixtures 
nickel sulfate and nickel chloride be. 
haved differently, was also the case 
when the behavior these mixtures was 
compared with that pure nickel chlo. 
ride, hydrochloric acid and sodium chlo- 
ride respectively. Mixtures show very 
high activating power and, after anodic 
treatment, permit the formation very 
porous and unstable surface layers, 
mation oxide layers during pol- 
ishing was 


3.5 Physical and 
Effects 


3.5.3 

Control Cavitation Pressure-Re. 
Am. Water Works Assoc., 46, 
(1954) Actober. 

Experience with two specific 
system and practical approach the 
elimination cavitation erosion. 
graphs, diagrams, graph, 

8546 


Present Status Cavitation Research. 
Knapp. Mech. Eng., 76, 731-734 
(1954) Sept. 

Review effect cavitation per- 
formance hydraulic devices and losses 


from mechanical and corrosion damage. 
Six references.—BTR. 8544 


Some Aspects Erosion-Corrosion 
Corrosion Engineering (Japan), No. 
30-31 (1954) Aug. 

order determine the relative con- 
tribution the suspensoid the me- 
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August, 1955 


abrasion 
corrosion the rotating mild steel speci- 
mens, the latter action was eliminated 
using zinc anode using the inhibitor. 

The effect the kind suspensoid, 
temperature, and the electrode potential 
the corroding specimen were observed. 


chanic 


8699 


Kato. Corrosion Engineering (Japan), 


No. (1954) October. 
Determining the relation between the 

cathodic current density and the amount 
cavitation-erosion, was confirmed 
protection was very 


The experiment was carried out with the 
magnetostriction vibration apparatus. Cavi- 
occurred the lower surface 
mild test piece, attached the 
end nickel rod N/20 potas- 


6.3.6, 6.2.2 
Resistance Metals Cavitation Ero- 
sion Fresh and Sea Water. (In Rus- 
No. 229-232 (1954) March 11. 
The resistance brass, bronze and 
cast iron cavitation erosion 
fresh water and artificial sea water 
was determined exposing the im- 
mersed for two hours vibra- 
tions 8000 frequency and 0.09 
amplitude. Judging from weight-loss data, 
brass and bronze essentially determined 
their mechanical properties, the chem- 
composition the water being 
importance. With gray cast iron, 
however, corrosion synthetic sea water 
that sustained fresh water 
and samples exhibited large and deep ero- 
sion cavities which were absent fresh 
water. Because these results are consid- 
known mechanical and thermodynamic 
theories cavitation erosion, con- 
cluded that the popular view the mecha- 
nism erosion not correct. 


8625 


The Significance of. Directional Thick- 
ness Related Brittle Fracture and 
Strength Steels. Paper before 
Journees d’Automne, October, 1953. Rev. 
51, 813-872; disc., 872 (1954) Dec. 
Tests notched specimens revealed 
with directionality parallel 
mean stress. This produces alteration 
state strain, which ceases tri- 
axial. Low strength direction thick- 
encourages incidence cracks and 
leads, indirectly, better behavior 
from point view ductility. 
Comparison ratio strength direc- 
ton thickness strength longitudinal 
transverse direction, with ratio cor- 
stress, permits definition 
temp, above which cracks parallel 
rolling direction will appear. Banded 
favors appearance these 
cracks, which explains improved behavior 
steels, compared ‘with those 
Without this 8701 


1.6 

Stresses Metals and Metal 

Book, 1954, 303 pp. Reinhold Publishing 
Corp., New York. 

This volume was prepared for the 
Structures Committee and 
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comprises chapters more than au- 
thors (American, Belgian, British and 
German). has been planned 
cover all varieties interest residual 
stresses. useful feature final chap- 
ter summarizing the views presented.— 


BNF. 8673 


3.5.8, 6.5 

Softening Certain Cold-Worked 
Metals Under the Action Fatigue 
CHOUDHURI, Paper before Am. Soc. Test- 
ing Materials, 57th Ann. Mtg., June 13-18, 
1954. ASTM Preprint No. 74, 1954, pp. 

Copper, nickel, aluminum and three 
their alloys (including nickel-copper and 
killed steel were first cold-drawn 20-40% 
0.2-inch diameter and later were 
subjected alternating tension-compres- 
sion fatigue stressing frequencies 5500- 
9500 cpm. Compression tests and Vickers 
hardness determinations the fatigued 
specimens showed more less pronounced 
softening each case. These observa- 
tions are discussed the light previ- 
ous work the Bauschinger effect and 
its manifestations. interpretation 
the present findings offered pure 
stress-strain basis. Fatigue failure 
cold-worked metal may attributed 
the breakdown the initially high elastic 
properties under cyclic strain and the 
semi-plastic behavior developed thereby. 
The cyclic plastic flow would facilitate 
the coalescence vacant lattice sits into 
larger holes, which may act crack em- 


3.5.9 

Theory Brittle Fracture and Criteria 
for Behavior Low Temperatures. 
Paper before Am. Soc. Testing 
Materials, Symp. Effect Tempera- 
ture the Brittle Behavior Metals 
with Particular Reference Low Tem- 
peratures, 56th Ann. Mtg., Atlantic City, 
June 28-30, 1953. ASTM Special Tech- 
nical Pubn. No. 158, 116-130; disc., 131- 
132 (1954). 

Effects various factors contributing 
brittle behavior steel are discussed. 
Steel can fail either two modes—by 
shear cleavage. Standard unnotched 
tension specimens fail shear normal 
temperatures but fracture cleavage 
without measurable elongation liquid 
nitrogen temperature. Notches reduce the 
ratio maximum shear maximum 
tensile stress that brittle fractures can 
occur even room temperature, Weld- 
ing tends provide crack starters be- 
cause weld defects such inclusions, 
cracks and incomplete penetration. Vari- 
ous tests for determining relative brittle- 
ness steel are compared and meaning 
transition temperature discussed. 
Brief discussion service failures 
given and correlation between lab tests 
and service failures presented. Photo- 
micrographs, graphs and references.— 


INCO. 8599 


3.5.8, 3.5.9 

Correlations Rupture Data for Met- 
als Elevated Temperatures. Orr, 
Soc. Metals, 46, 113-128 (1954). 

Stress-rupture data for pure metals 
(aluminum, beryllium, titanium, nickel, 
niobium, molybdenum) and alloys (alu- 
minum-1.6 magnesium, 
per, 
copper, 
molybdenum-0.34 niobium, molybdenum- 
0.87 vanadium) elevated temperatures 
are successfully correlated equa- 


170a 
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tion connecting the applied stress, time 
rupture, absolute temperature and activa- 
tion energy for 8750 


3.5.8, 3.5.9 

Observations Elevated-Temperature 
KEELER AND Metals (Trans. 
AIME), Section No. 226-227 
(1954) Feb. 

Earlier tests certain materials have 
elongation curve relatively small amounts 


strain. The reasons are discussed.— 
BNF. 8480 


3.5.8, 3.5.9 

Effect Temperature Cycling the 
Rupture Strength Some High-Tem- 
perature Alloys. Paper before 
Am. Soc. Testing Materials, Symp. 
Effect Cyclic Heating and Stressing 
Metals Elevated Temperatures, 
57th Ann. Mtg., Chicago, June 17, 1954. 
ASTM Special Technical Pubn. No. 165, 
1954, 53-65; disc. 65-66. 

Cyclic temperature rupture tests were 
conducted four different high-temper- 
ature alloys—S816, M252, 16-25-6 and 
A286, Specimens were subjected con- 
stant load and three different types 
temperature cycles. rectangular tem- 
perature cycle fraction time under 
load was spent high temperature 
and remainder time under load 
lower temperature, while sawtooth 
temperature cycling, load was speci- 
men continuously and temperature fluc- 
tuated amount above and below 
mean temperature, special temperature 
cycle, specimens were maintained con- 
tinuously under stress 15,000 psi 
furnace controlled regular 
intervals, temperature specimen was 
heavy electrical current through and 
after sec., current was turned off and 
specimen allowed cool furnace tem- 
perature. Chemical compositions 
treatments alloys are tabulated and 
stress-rupture curves at several constant 
temperatures, obtained basis for cal- 
culation and comparison with cyclic tem- 
perature tests, are plotted. Size speci- 
mens and method heating were such 
that thermal stresses were considered 
negligible. Results all cyclic tem- 
perature tests made are summarized 
graph where calculated rupture life 
plotted against actual rupture life. Calcu- 
lated and actual test values correlate very 
well, although general actual values 
are somewhat lower than calculated values. 
Graphs, tables, 8619 


Notch Ductilitv: Assessment for 
Quenched and Tempered Steels. 
Downs. Colvilles. Paper before West 
Scotland Iron Steel Feb. 1954. 
Steel (London), 17, 139-140, 144 
(1954) 

Report experiments demonstrates 
advantages gained considering transi- 
tion temperature rather than result 
impact test atmospheric temperature 
criteria tendency steels brittle 
failure. V-notched Charpy impact tests 
denum steels, one which molybde- 
num was replaced vanadium. Temper- 
ature/impact relationships for quenched 
and tempered conditions and properties 
molybdenum- and vanadium-contain- 
ing steel were compared. Vanadium should 
not used replace molybdenum 
this steel applications which notch 
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series experiments demonstrate man- 
ner which wide variation impact 
values tests broken 
temperature was explained position 
transition range steel under test, 
fication minimum for En. 325: 
1.32 against 1.5-2%). 
properties order determine 
this steel had necessary characteristics 
meet requirements En. 325 specif. 
cation was made and found that 
requirements were met, but that 
impact values showed wide variation. 
was unsuccessful attempt relate 
variation impact values 
composition. V-notch Charpy temper. 
relatively poor notch ductility, 
ductility new steels 
manganese-molybdenum and 
types present another instance im- 
pact tests atmospheric temperature 
give information regarding 
notch ductility. Results are 
Short note possible 
methods described investigate alloy 
steels with view reducing the nun- 
ber such steels and also conserving 


3.5.8, 6.2.3 

Influence Alternating Stress Dif. 
fusion and Precipitation Phenomena 
Unalloyed Steels. ScHENCK 
Arch. 
25, 579-588; disc., 588 (1954) 

Data effects alternating stress 
cementation, nitriding and 
steel containing 0.06% carbon, 
manganese, 0.051% phosphorus, 0.025% 
sulfur, 0.018% nitrogen function 
gree cold working. Ultrasonic effects 
cementation, influence alternating 
bend stress and tension-impact 
ciptation processes, values for 
tensile strength, notch impact, coercive 
force and electrical resistance, function 
temperature and duration treatment, 
and observations incidence etching 
phenomena are 


3.5.8, 6.2.5 

The Problem Thermal Stress 
tigue Austenitic Steels Elevated 
Testing Materials, Preprint No. 
June, 1954, pp. 

Fatigue failures due localized 
thermal straining were simultated labo- 
ratory tests. The results are compared 
with those obtained from constant tem- 
perature 


3.5.8, 6.4.2 

Influence Exposed Area 
Corrosion Cracking 24S Aluminum 
Armour Research Foundation. 
Advisory Comm. Aeronaut, Tech. Note 
No. 3292, November, 1954, pp. 

Study area effect, 
small areas show long times failure 
while large areas show short 
24S aluminum alloy, Effects 
level, degree sensitivity alloy 
and hydrogen peroxide 
the corrosion medium were Stres 
corrosion failure. Area effect 
decomposes rapidly presence 
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24S due cupric ion produced 

corrosion. 24S very sensitive 1.5-3.5 
hydrogen peroxide; oxygen not 
substituted for hydrogen 
Graphs, photomicrographs, il- 


apparatus, two references. 
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Wrought Aluminium Alloys and Their 
Soc., No. 520, 261-276 
April. 

quenching, and sinking, forming, 
and reduction (by heat 
significance (distortion during ma- 
behavior under static 


resistance 


implications for choice 
references.—BNF. 8514 


6.4.2, 
Structure and Corrosion-Fatigue 
Alloys. (In 
French). 
angew. Wi ut. Tech., 20, No. a 152-156 
(1954), 
The sel 
sium alloy 
Byaries Wit! 
ing the 
alloy has 


‘tivity aluminum-magne- 
stress-corrosion cracking 
the micro-structure, accord- 
eat-treatment which the 
subjected. The effect 
was investigated 
magnesium alloys made 
from metals, with some con- 
loys containing 3.5, 5.0 and 7.0% magne- 
sium, Fatigue tests, with and without the 
sodium chloride solu- 
means, cotton thread, were 
out the experimental alloys 
the following conditions heat-treat- 
(a) hr. 440C, quenched, and 
aged 100 hr. 100C; (b) hr. 440C, 
stabilized hr. 300C, fur- 


and (c) 240 440C fol- 


furnace-cooling 1°C hr.). 
The resistance corrosion-fatigue was 
lower than that normal 
but there was significant dif- 
between specimens different 
conditions heat-treatment. Metallo- 
graphic examination showed that fatigue 
cracks started grain boundaries the 
surface the specimen all cases, but 
that stabilized specimens the crack 
became transcrystalline, whereas the 
material the crack remained 
and branched out all 
was concluded that the 
corrosive attack near the surface 
the stabilized material started notches 
which lowered the fatigue strength 
the same extent the intergran- 
ular corrosion the sensitized material. 


8620 


7.6.4, 4.6.2 
Case History Failure Marine 
Boiler Tubes Stress Corrosion Crack- 
Barer. Corrosion, 11, No. 
18-24 (1955) April. 
marine boiler tubes are commonly the 
concentrated caustic solution 
with stressed boiler metal. 
the concentration the caustic 
from leakage between seams and 
ound capillary action and sub- 


ar 
evaporation. 
One where seams crevices 


for the boiler solution 
leakage: thi 


rare example the same type fail- 


this failure resulting from 
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concentration the boiler solution right 
the steam generating surface the 
boiler tube. Details such failure are 
discussed. particular, shown that 
the attainment the necessary caustic 
concentration and stress levels feasible. 
pointed out that stress need not 
high commonly believed. 

The mechanism caustic cracking 
understood today reviewed; that is, 
electrochemical action aided stress. 
effect, this serves include caustic crack- 
ing among such phenomena the sea- 
son-cracking brass and 
corrosion cracking stainless steel. 
commonly accepted that this type fail- 
ure rare. That does occur suggests 
that some thought might directed 
preventing channelling hot gases and 
alternative chemical treatments which 
not rely caustic. 8747 


3.5.8, 8.9.1, 6.4.1, 1.3 

Fatigue Aircraft Structures. 
Birmingham Met. Soc., 34, 
No. 28-47 (1954) March. 

survey based references. 
Metallurgical factors influencing the 
“safe aircraft structures. Metal- 
lographic and X-ray observation changes 
occurring light alloys during fatigue; 
theories 8604 


Materials for High Temperature Serv- 
ice. Materials Methods Manual No. 
39, No. 117-132 (1954) April. 

survey materials used temper- 
atures above 150C including superalloys, 
ferrous metals, light metals, ceramics and 
cermets, plastics, copper and alloys. The 
superalloys include cobalt alloys, 
nickel and alloys, chromium and molyb- 
denum, with list 

8558 
3.5.9, 3.7.2 

Metals for Low Temperature. 
Oil Gas J., 52, No. 49, 163 (1954) 
April 12. 

Single-phase solid-solution alloys 
such the nickel and manganese (or 
copper) iron alloys; nickel manganese 
steels; austenitic chromium-nickel steels 
(low carbon); Monel, Inconel, etc.; and 
pure metals, are all suited for low-tem- 
perature strength ductility. Approxi- 
mate impact strengths these and other 
(includes nickel cast iron, Ni-Resist, 18-8, 
Monel and nickel) materials low 
temperatures are tabulated. Minute amounts 
impurities alloying agents are det- 
mental low-temperature shock resist- 
8601 


3.5.9, 5.3.2, 5.4.2 

Special Coatings for Metals Used 
High Temperatures. Product 
Eng., 25, No. 135-141 

Sully discusses protective coatings 
three categories: Diffusion coatings 
aluminum, silicon, and chromium—alumi- 
num applied iron-base materials 
variety ways including spraying and 
dipping. Silicon and chromium are usu- 
ally applied heating the material 
coated contact with halide. Chro- 
mium coatings can improved intro- 
ducing silicon and aluminum halides into 
the treating atmosphere. ii) Refractory 
coatings.—A combination refractory 
material used with vitreous enamel. 
essential that the coefficient ex- 
pansion the coating matches that 
the metal, iii) Low-emissivity coatings 
reduce heat transfer radiation, The 
coating fundamentally similar 
but greater thicknesses are usually nec- 
essary. The coatings are usually more 
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porous and not confer high oxida- 
8743 


3.6 Electrochemical Effects 


3.6.6 

Note the Use Electrode Poten- 
tials for the Estimation Corrosion due 
Dissimilar Metal Contact. 
Electrical Research Tech. Rep. 
January, 1954, pp. Available 
from British Electrical and Allied Indus- 
tries Research Association, Thorncroft 
Manor, Dorking Road, Leatherhead, 
Surrey. 

Brief discussion corrosion due 
dissimilar metal contacts, with table 
indicating general terms combinations 
avoided. Refers also the use 
Pourbaix’s potential diagrams.—BNF. 

8612 
3.6.6, 6.3.15, 6.4.2, 6.2.5 

Corrosion Stainless Steel and Alu- 
minium Alloys Contact with Titanium. 
Royal Aircraft Estab- 
lishment, Farnborough, Hants (England), 
(RAE-TN-MET-192), Feb., 1954, pp. 

Titanium samples consisting 
diameter discs, sheet and diam- 
eter threaded bar were placed contact 
with stainless steel DTD 166 and alumi- 
num alloys DTD 603 and DTD 610 and 
exposed the intermittent seawater 
spray test for one year. Each titanum 
sample showed extremely good corrosion 
resistance itself when coupled 
itself when coupled stainless steel 
aluminum alloy. corrosion 
stainless steel occurred inside the joints. 
There were only slight signs corrosion 
the aluminum alloy sheets before open- 
ing the joints. was found that serious 
corrosion the aluminum had occurred 
the interface. Joints wet assembled 
with pigmented jointing compound DTD 
369A showed negligible corrosion. 
recommended that wherever 
joints between titanium and other metals 
should wet assembled with DTD 369A 
and the exterior the joints should 
anodized. (auth) —NSA. 8561 


3.6.7, 

Extrinsic Line Current Fluctuations 
Seriously Restrict Progress Coating 
Conductance Surveys Large Trunk 
Corrosion, 10, No. 11, 400 (1954) Nov. 

Line currents unknown origin fluc- 
tuating much amperes up- 
stream and downstream directions neces- 
sitated averaging from meas- 
urements get one desired accuracy 
during coating conductance surveys 
Trans-Mountain Oil Pipe Line Compa- 
ny’s pipe line. The author postulates 
these currents may the same nature 
those observed other Canadian pipe 
lines and lines Texas, Oklahoma 
and Missouri, well power sys- 
tems Canada and the United States. 
They are popularly attributed sun spots, 
but may due also large adjacent 
bodies ore. The currents make ex- 
tremely difficult for engineers make 
reliable electrolysis surveys tests 
cathodic protection systems. 8629 


3.6.8 

Electrochemical Dissolution Metal 
Presence Anion That Precipi- 
tates the Metallic Cation Formed. Equa- 
tion Polarization Curve. (In French). 
France, No. 370-375 (1954) March. 

Studies silver halogenides were 
qualitative agreement with established 
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equations. Tables, graphs. references. 
—BTR, 8403 


3.6.8, 3.4.8, 3.4.7 

Hydrogen Overvoltage Bright Plat- 
inum. Part II. and Salt Effects 
Acid, Neutral, and Alkaline Solutions. 
Electrochem. 
Soc., 101, No. 426-432 (1954); 
99, 488-494 (1952) December. 

The effects over the range 0.5- 
12.1 and added Na* and were de- 
termined. avoid contamination, 
Teflon cell was used. Relative rates 
overall hydrogen-producing reactions 
low current density were determined for 
the solutions studied. Mechanisms 
hydrogen overvoltage these solutions 


are discussed.—MA. 8669 


3.6.9, 5.2.1, 4.5.3 

Electrical Techniques for Combating 
Underground Corrosion Stray Elec- 
tric Current. Corrosion Tech- 
nology, No. 280-285 (1954) October. 

review the existing techniques 
for the survey and control stray cur- 
rent corrosion. Measurement current 
flowing cable sheath pipe, measure- 
ment current density the soil, meas- 
urement current emission, measure- 
ment potential and interpretation 
electrical measurements are discussed. 
protection, important 
method control underground struc- 
tures, covered. Diagrams, graphs and 
8670 


3.7 Metallurgical Effects 


3.7.2, 6.2.4 

Effect Boron the Impact Proper- 
ties Quenched and Tempered Steels. 
Paper before Am. Soc. Testing Materi- 
als, Symp. Effect Temperature 
the Brittle Behavior Metals with Par- 
ticular Reference Low Temperatures, 
56th Ann. Mtg., Atlantic City, June 28-30, 
1953. ASTM Special Technical Pubn. 
No. 158, 332-343; disc., 343-344, 1954. 

Effect boron impact properties 
quenched and tempered 2345 (contain- 
ing 3.5% nickel) and 8120 (containing 
0.41% nickel) steels were determined. 
Each experimental heat contained dif- 
ferent amount boron from 0-0.005%. 
ability large extent indicated 
the Jominy curves. Present investigation 
consisted two phases: the effect 
boron the variation impact proper- 
ties with tempering temperature; and the 
Photomicrographs, tables, graphs and 
references.—INCO. 8647 


3.7.2, 6.3.10 

Rare-Earths Metallurgy. Evans. 
Paper before Birmingham Met. Soc. 
Metal Ind., 85, No. 18, 365-367, 374 (1954) 
Oct. 29. 

History, occurrence and_ extraction, 
properties and applications the rare- 
earth metals. the form indeter- 
minate mixture, Mischmetall, they are 
important addition agents for prolonging 
the life nickel-chromium alloys. Zir- 
conium used alternative the 
mium alloys. graph shows influences 
varying amounts addition agents 
the life 1050 iron-free 80-20 nickel- 
chromium alloys and the effect rare- 
earth metal content the life 80% 
nickel-20% chromium alloy wires tabu- 
lated. Photomicrographs, tables, graphs, 
8527 
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3.7.2, 6.5 

Metallurgia, 50, No. 301, 236-238 
(1954) Nov. 

The use beryllium alloys mag- 
nesium, aluminum, copper nickel. 
Properties, fabrication and composition 
beryllium-copper wrought and casting 
alloys are discussed and typical proper- 
ties wrought beryllium-copper alloys 
are tabulated. Important applications 
beryllium-copper alloys include current- 
carrying members electrical equip- 
ment, components electronic devices and 
welding electrodes. Use the alloy the 
automotive, aviation and machinery in- 
dustries constantly increasing. beryl- 
lium-nickel alloy (with 2.75% 
combining good corrosion resistance and 
high strength used the production 
small detailed investment castings. 
table lists minimum physical properties 
some cast alloys including beryllium- 


nickel 
8534 


Improved Rods and Techniques Over- 
come Crack Sensitivity Magnet Steel 
Welds. Age, 174, No. 
18, 90-91 (1954) October 28. 

EutecTrode 680 welding rod used 
join cast steel case electromag- 
net the cast manganese-steel lifting 
face because produces welds that are 
free crack sensitivity and have high 
corrosion resistance, impact resistance 
and adequate strength. High nickel con- 
tent alloy rod improves fluidity. Weld- 
ing process briefly 


8607 


3.7.3 

Development Brazing Alloys. Third 
Quarterly Progress Report Covering the 
Period From May 15, 1954 August 15, 
Research Lab., Wall Colmonoy 
Corp., Contract (616)-2287, pp. 

number brazing alloys the 
base metals Inconel and 304 stainless 
steel were tested for tensile and shear 
strengths. Oxidation tests were also 
made. The results the tests are tabu- 
lated.—NSA. 8592 


Heat Treatment Aircraft Gears 
Dana Corp. Steel Processing, 40, No. 
585-590 (1954) Sept. 

Rigid control within extremely close 
tolerances possible with 
form consistency critical precision 
aircraft gears and parts using continuous 
gas-fired controlled atmosphere furnaces. 
Wide range metallurgical results are 
possible with minimum handling, differ- 
ent steel analyses are processed the 
same time although carburizing cycles 
are automatic and range case depths 
obtained regulating cycle intervals 
work trays. Unique furnace atmos- 
phere arrangement, which produces suit- 
able case gradients, described. 
Group typical gears and parts AMS 
6260 and 6263 high nickel steel are used 
examples for close tolerances and 
After carburizing, 
gears are slowly cooled 
perature before heating for hardening. 
Parts often cannot re-heat treated 
accurate results are not obtained the first 
time. Table shows typical specifications 
and tolerances for heat treated cam gear, 
drive gear, mixed gear and impeller shaft 
AMS 6260 and 6263. 
8593 
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High Temperature Brazing: The 
plication Corrosion-Resistant and 
Heat-Resistant Alloys the 
Prod., 16, No. 76-81 (1954) 

Paper presented SAE 
Aeronautic Meeting, Los Angeles, 
views various brazing materials 
manganese, manganese-nickel, 


pladinum, pladnium-nickel, 


con) alloys, Nicrobraz) with examples 
their use. Also infiltration brazing, cop. 
struction stainless steel 
material (Hexcel and Squarcel) bray. 
ing, 


Fundamentals the Met. 
als, Book, 158 pp., 
mon Press Ltd., London. 


The book, elementary 


metal working processes, 


Modern 


number articles previously 
the American periodical, 
Industrial Press. The author’s 
describe the basic principles 
lurgy which determine how 
have mechanical working, 
reader will understand the success 
failure forming operations 
treatment, the author has not 
simplify his explanations the exten 
making them misleading, The 
ters deal with the effects 


etals 
that the 


and speed working; relations between 


composition, phase changes forming 
characteristics; effects grain 
basic metal forming methods; and pro- 
gressive 8656 


Stops Galvanic Corrosion. 
als, 10, No. 84, (1954) July. 


protect joints aluminum and dis 


similar metals from galvanic corrosion, 
new insertion material has been 
oped Winn Coales, Ltd., Dens 
House, Chapel Road, London, 
called Densochrome tape and 


nated and coated both sides 
stable chemical compound and contains 
20% weight metallic 
hibitor. self-adhesive, easily applied, 
non-absorbent, non-hardening and 


ALL. 8663 


3.7.3, 3.7.2, 6.2.4 

Effect Metallurgical Structures 
the Impact Properties Steels. 
Paper before Am. Soc. 
Materials, Symp. Effect 
the Brittle Behavior Metals with Par- 
ticular Reference Low 
56th Ann. Mtg., Atlantic City, June 
1953. ASTM Special Technical 
158, 203-214; disc., 215 (1954). 

Investigation was intended 
the eeffct three types heat treat 
ment the notch toughness and 
show the effect these treatments 
presence various alloying 
carbon, 
phosphorus and silicon. Three 
Transition temperature all three 
tures was raised the addition 
bon, phosphorus and silicon 
manganese and nickel. 
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About Fabricating Zinc Coated 


Steels? SPENCER. Mag. Tooling and 
Production, and Die J., 19, No. 12, 41- 
66, 68, 74-75, 104 (1954) 
Forming operations are not easily car- 
ried out ordinary galvanized 
the presence brittle iron- 
zinc layer. The Sendzimer process which 
this brittle layer described 
detail and several examples form- 
ing operations carried out the sheet 
Recommendations 
painting, storing and removing white 
rust from coated sheet are given 
the various methods welding 
and soldering the sheet are outlined. The 
broken.—ZDA. 8715 


seems 


Electrode Welding “Un- 


Air Prods. Co. Paper before Am. Weld- 
ing Soc., Nat. Falls Mtg., Cleveland, 
October 1°-23, 1953. Welding J., 33, No. 
April. 

melt welding, suitable for 
dificrent welding applications 
given the use this 
used the chemical industry. Cross sec- 
tion carbon steel seat ring which 
clad with Hastelloy shown. 
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The Influence Surface Rolling 
the Fatigue Properties Flake Graphite 


and Nodular Graphite Cast Irons, Re- 


Cast Iron Res, Assoc., No. 447-464 
(1954) Oct. 
surface rolling the fatigue 
strength 45° V-notched specimens 
flake graphite and nodular cast irons was 
investigated. Increases fatigue limit 
20% pearlitic flake graphite cast 
iron and over 190% ferritic nodular 
iron were obtained. appears that the 
fatigue limit obtained depends 
the ductility the material and 
this respect nodular irons are superior 


are superior pearlitic irons. Sur- 


life stresses above the fatigue 


limit. Photomicrographs, tables, graphs 


and two 8525 


Subzero-Worked 18-8 Stainless 
Steels (2nd report). Corrosion Resistiv- 


ity Against Acid Solutions. 


Japan Inst. Metals, 18, No. 396-400 
(1954) July, 


Corrosion tests were carried out 


compressed stainless steel con- 
manganese, 10.26% nickel, 


chromium and 1.52% molybde- 


num. The working was done and 


lies below degrees the influence the 


working and that martensite formed 


subzero-working the corrosion re- 
such steel could discussed 
The corrosives used were 
solutions 62.7% nitric acid, 

sulfuric acid, 20% sulfuric acid and 


Main results obtained are fol- 


lows: the solutions 62.7% nitric 
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You can solve your 
corrosion problems using 
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This steel piling subjected salt air and salt water—a highy cor- 
combination. But the steel not attacked because protected 
Bitumastic® No. heavy-duty coating specially formulated 
control the severest corrosive forces. 


solved, but not using ordinary paints 
conventional protective coatings. For 
long-term protection, takes specialized 
protective coatings the Bitumastic 
Coatings Koppers makes. 

Bitumastic Protective Coatings are spe- 
cially formulated from tar-pitch base* 
that is, for all practical purposes, impervi- 
ous moisture. These coatings keep 
moisture away from exposed metal sur- 
faces and that’s the best way stop 
corrosion. 

With tough, durable Bitumastic Pro- 
tective Coatings, thickness eight 
times that ordinary paints can ob- 


tained one application. Where other 
factors are equal, the thicker the coating 
the /onger the period protection. 

Send for set free booklets describ- 
ing the family Bitumastic Protective 
Coatings. the same time, tell about 
your corrosion problems that can 
suggest satisfactory solution. There 
obligation, course. 

*Hi-Heat Gray non-coal-tar vehicle 
and metallic pigment. 


KOPPERS COMPANY, INC. 


Tar Products Division, Dept. 804-T, Pittsburgh 19, Pennsylvania 
DISTRICT OFFICES: BOSTON, CHICAGO, LOS ANGELES, NEW YORK, PITTSBURGH, AND WOODWARD, ALA. 
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acid and sulfuric acid, all specimens, 
except one tempered 600 degrees 
which showed low resistivity, became 
passive; and the resistivity was found 
almost independent the working 
and the amount martensite. the 
solution 20% sulfuric acid, specimens 
were strongly attacked and the more the 
degree working and the amount 
martensite, the more strongly. The re- 
sistivity was improved by. tempering 
400 degrees, but was markedly re- 
duced tempering 600 degrees. 
the solution 2.4% hydrochloric acid, 
little influence working and much in- 
fluence martensite amount was found. 
The specimens including martensite 
showed lower resistivity than those free 
from martensite and tempering they 
behaved the case 20% sulfuric 
acid. the other hand, martensite-free 
specimens, even severely worked 
state, became more stable against hydro- 
chloric acid solution tempering 
600 degrees. Neither working nor 
strain-induced martensite 
tendency become passive. Hence the 
resistivity the steel against concen- 
trated nitric acid and dilute sulfuric acid 
scarcely influenced working, but 
under non-passive state the case the 
corrosion hydrochloric acid, re- 
duced working, especially the for- 
mation martensite caused 
8617 


3.7.3, 6.2.5 

Metallurgical Aspects Welding Pre- 
cipitation-Hardening Stainless Steels. 
General Corp. Welding J., 33, No. 10, 496s- 
508s (1954) October. 

Comparison aircraft materials 
construction with respect yield 
strength weight ratio ambient and 
elevated temperatures, corrosion-resist- 
ance and characteristics during fabrica- 
tion. Mechanical properties 
tural changes are discussed for stainless 
17-7PH, 17-4PH and V2B. Effect 
microstructure mechanical properties 
and response alloying elements and 
heat treatment are discussed. Mecha- 
nisms and procedures annealing, 
transformation and precipitation-harden- 
ing relative improved ductility welded 
joints are discussed. Observations 
Aerojet-Gen. Corp. included chemical 
analysis weldments, studies po- 
rosity, abnormalities 
zone and nonfusion effects. Chemical 
composition 17-7PH (high aluminum 
content) responsible for nonfusion de- 
fects, while variation composition in- 
fluences response the alloy heat 
treatment. Photomicrographs, tables, 
graphs, references.—I NCO. 8549 


3.7.3, 6.4.2 

Hot Working Light Alloys. (In Ger- 
man). Metallkunde, 45, 
253-256 (1954) May. 

Rolling: use vertical rolls; emulsion 
coatings protect the material; avoiding 
tendency earing. Extrusion: dies for 
speeding the process; cooling behavior 


3.7.3, 6.4.2, 7.7 

New Tin-Depositing Flux for Solder- 
ing Aluminum. AND 
Materials and Meth- 
ods, 40, No. 86-89 (1954) August. 

chloride base reaction flux and reacts 
with aluminum oxide and the underlying 
aluminum. Metallic tin deposited 
the aluminum surface and aluminum 
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leaving corrosive residue. Any un- 
reacted flux easily washed away with 
water. The tin that deposited tempo- 
rarily prevents the formation new 
layer aluminum oxide and then alloys 
with both the aluminum and the 
solder. The flux and suitable solder 
make excellent butt joints and lap joints 
between aluminum bars, sheet and plate 
and also excellent electrical connections 
aluminum wires and cable. Although 
the flux normally used powder, 
may kept molten for more convenient 
use. has been maintained molten 
450F for three weeks without noticeable 
effect its fluxing ability, and with but 
minor change composition. Zinc-tin 
alloys with from 90% tin, and zinc- 
aluminum alloys with about alumi- 
num make satisfactory joints when ap- 
plied with this flux. The 70% zinc-30% 
tin alloy has been selected offering the 
best over-all combination properties 
and convenience application. Half- 
inch-square bars were butt soldered and 
broken estimate the tensile strength 
the soldered joints. addition, joints 
0.064-inch thick sheet, cut 0.860-inch 
wide and lapped exactly 3/16-inch were 
made determine shear strength and 
corrosion resistance. Butt joints 
inch diameter rod aluminum were 
wrapped around mandrel with- 
out any sign cracking. Joints this 
material, being stronger than the stock, 
could not broken, either butt 
lap joints. Corrosion resistance and elec- 
trical resistance were tested. Because 
their greater hardness, 61S lugs would 
preferred lugs for practical applica- 
tions. Joints aluminum, which were 
made with various commercial solders 
and fluxes, were exposed accel- 
erated corrosion test the humidity 
cabinet. the end two weeks, all but 
one the joints made with other com- 
apart. The stannous chloride base flux 
may used torch furnace brazing; 
copious fumes are evolved, making good 
ventilation 8507 


3.7.3, 6.4.4 

Heat Treatment Cast Magnesium 
Alloy ML-5 Protective Gases, (In Rus- 
Kov. Applied Chem. 
Khim), 27, No. 421-424 (1954) April. 

Effect heat treatment air, nitro- 
gen, carbon dioxide and sulfur dioxide 
tensile properties the magnesium-alu- 
minum-manganese alloy ML-5. rais- 
ing the temperature from 415 425C, 
heat treatment time can reduced with- 
out any harmful 8676 


3.7.4, 4.3.2, 3.4.3 

Investigations Electrolyte-Con- 
Metall, No. 5/6, 180-184 (1954) March. 

Different investigations etched foils 
showed distinct dependence the 
solution speed small impurities pres- 
ent the etching fluid. Even impurities 
present the metal influenced the solu- 
tion speed. The first test series was car- 
ried out with pure hydrochloric acid. 
The specific capacity was measured 
dependence the weight loss differ- 
ent acid concentrations. was shown 
that the nature attack depends the 
acid concentration. After reaching cer- 
tain concentration stabilization the 
etching action was observed. The second 
test series was made with hydrochloric 
acid containing aluminum chloride. The 
presence aluminum chloride lowered 
the specific capacity and improved the 
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reaction speed. has been shown that 
the structure the metal (grain 
texture) influences the attack 
num acids. cubic face 
metals, such aluminum, the slip planes 
are octahedral planes; therefore the 
lines represent lines intersection 
tween the octahedral planes 
metal surface. Slip bands are made 
ble by: bending the electrolytically 
ished foil different directions and 
chloric acid. X-ray textures show 
ent structures for the interior the 
and its surface. This seems have 
havior. foils with “asymmetric” orien. 
tation the etching speed was than 
foils with orientation 
the crystallites. Electrolytic 


3.8 Miscellaneous Principles 


3.8.2, 3.8.4 

The Thermodynamics 
phys., 51, No. 225-232 (1954) 

applied the discussion 
processes, e.g. 
and electrochemical potential expres- 
sions are derived for contact, 
diffusion potentials between 
contact. certain simple the 
theoretical and experimental values are 
sufficiently agreement the 
validity the formulae, but 
cases, e.g. contact between acid 
and potassium sulfate, the 
chemical reactions occurring lacking, 
and experimental results 
8723 


3.8.3 

Phenomena Passivity Metals and 
Alloys (In Italian). 
lurgia Italiana, 46, special supplement 
No. 5-28 (1954) May. 

Theoretical study. Tables, charts. 
references.—BTR. 8738 


The Break-Through Potential Pas- 
sive Iron-Chromium Alloys Sulfate 
179; disc., 179-180 (1954) Mar./Apr. 

Detailed account experiments 
anodic behavior chromium, iron, 
chromium alloys, 
chromium-nickel 
alloys contained 4.5, 10.5, 12.5, 17.5, 
and 29.5% Measurements 
were made current-density-potential 
curves potassium sulfate solution. 
tion time, effects chromium 
tions iron evolution oxygen 
solubility the alloys and discussion 
phenomenon characterized 
passivity are 8429 


3.8.4 

Dissolution Various Metals 
tact with Rotating Platinum Electrodes 
stoffe Korrosion, No. 121-123 
April. 

surface area rate Metals 
investigated include lead, zinc, 
aluminum. Linear relation was 
mains constant. Distribution 
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and anode spots and effects addition made from the following formula: atmospheres, followed galvanized 
size hydrogen peroxide $/1000 sq. ft./yr. (1000) ft.) 8160 
cussed.—! 8418 (corrosion rate mpy) 4.2.1, 6.4.2 
planes rural atmospheres the cost for alu- Aluminium Roofing Severe Indus- 
the 5.8.3 minum far the lowest any the Conditions. Northern Aluminium 
tion The Dissolution Metal Single Crys- metals. The cost for aluminum ma- Co. Ltd. Brochure, June, 1954, pp.; 
Acids: Determined for Aluminium, atmospheres slightly higher Metals, 17, No. 196, 227-230 (1954) 
ade Zinc and Lead. (In Italian). that for industrial atmospheres. The July; Mech. World, 134, 300-303 (1954) 
and marine atmospheres and higher Surveys published data the weath- 

Experiments were carried out spheri- atmospheres. Aluminum ering characteristics aluminum com- 
specimens hydrochloric acid solu- about equivalent copper with other metals, marine, in- 
the foil The reproducibility such experi- atmospheres. tropical marine atmos- atmospheres and gives 
where grain boundaries are pheres, aluminum similar lead. examples the service being obtained 
ing stressed and author atmospheres, the cost for lead from aluminum roofs and walls vari- 
use this method study the effect and copper considerably less than gas works and other industrial prem- 
her than 8402 for galvanized steel. industrial 8664 
ation mospheres, lead shows the lowest cost 
ching 4.3.2, 6.4.2 figure, with aluminum next. Steel 8.9.1, 3.2.2 

Rates the highest cost figure all three types Corrosion Aluminum Alloys Ex- 
minium Aqueous Solutions Hydro- 
versible E/RT), and are the concentra- 
sfer the acid, The activation energy 
solution controlled the hydrolysis linings are applied 
the chloride, The part the sur- 
adsorption the ionized hydrochloric 
aluminum, obeys different laws dif- 


acid molecules the metal, these mole- 


Pas- cules not *This equivalent 2,500 oil wells 5,000 feet deep. 
Sulfate with the actual use, many companies have the upper 2,000 feet 
AND coated protect against paraffin others line entire 
25, strings 12,000 feet more with TK-2 protect 
ents CORROSIVE ENVIRONMENTS 
yn, 
1.2.2 you want learn the real facts about 
Atmospheric Corrosion Archi- plastic linings write for information 
Eng. (Canada), 36, 844-855 thermo-bonded plastic applied 
comparative corrosion rates major oil fields 
marine, and industrial atmos- this country and 
although the rates cited for this 
metal are too low, except for rural at- Write today— 

because they are based get the 
corrosion and not take pit- facts. 
into account. The rates are highest 
Copper and lead have approxi- 

equal corrosion rates rural 
marine atmospheres, The rates are 
the basis weight loss, 
ron and culated mils per yr. (mpy). 
relative cost corrosion for the 
metals, based quotations for 
cathode April, 1953, the Montreal area 


Pipg ¢ Ors 
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haust Gases—Topic the Month. 
Corrosion, 10, No. 12, 421 
(1954) Dec. 

Severe corrosion developed both 
commercial and military aircraft wing 


skin sheets made Clad 
and Clad Corrosion inter- 


granular type accompanied exfoliation 
and usually originates adjacent rivets 
and joints the area the wings 
which are swept exhaust gases from 
engines. Products combustion, one 
which lead bromide, deposit and act 
sites for corrosive attack. Another con- 
tributing factor the condensate itself, 
which, containing dissolved gases, 
good electrolyte and maye active 
8719 


4.2.7 

Corrosion Metals and Metal Coat- 
ings Tropical and Sub-Tropical Cli- 
mates. (In German). Werk- 
stoffe Korrosion, No. 10, 395-398 
(1954) Oct. 

Temperature fluctuations; condensa- 
tion; corrosion galvanized coatings 
Egypt (discussed detail, including ef- 
fect chlorides carried wind from 
desert sand), various available metals 
and coatings. Author recommends cop- 
per and its alloys; silver, lead; nickel 
nickel-chromium coatings sufficient 


thickness and stainless steels —BNF. 
8586 


4.3 Chemicals, Inorganic 


4.3.2, 6.2.5, 6.4.2, 2.4.2 

Corrosion and Erosion-Corrosion 
Some Metals and Alloys Strong Ni- 
11, No. 31-39 (1955) February. 

The corrosion 
resistance several stainless steels and 
aluminum alloys strong nitric acid 
the temperature range room tempera- 
ture 160 were investigated. gen- 
eral the stainless steels show marked 
increase corrosion with increasing 
temperature. Galvanic couple systems 
aluminum steel show the 
stainless steel protected the 
aluminum which acts 
anode strong nitric acid. Polarization 
studies aluminum and stainless steel 
provide information 
concerning the corrosion behavior the 
aluminum-stainless steel couple system. 

Erosion-corrosion tests show that the 
rate attack stainless steel decreases 
with increasing velocity acid flow; the 
rate attack aluminum tends in- 
crease with increasing velocity acid 
flow. Experiments were conducted 
both rotating specimens and station- 
ary specimens system involving 
flowing solution. 

detailed description the equip- 
ment used for the polarization and the 
erosion-corrosion studies included. 


8533 
4.3.5 


Selection Piping for Chlorine Serv- 
ices. Crane Valve World, 51, 
No. 45-46 (1954). 

Materials recommended are iron and 
steel for dry liquid chlorine, Monel 
and Hastelloy for moist chlorine (in- 
cluding valves open the atmosphere). 
Care must taken the design Monel 
used.—BNF. 8668 


4.3.3, 7.1, 5.8.2, 3.5.9 
Corrosion Aspects the Vanadium 


176a 
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(1955) Jan., Proc. Inst. Mech. Engrs., 
168, No. 125-134v (1954) March. 

The effect vanadium pentoxide and 
mixtures vanadium pentoxide and 
sodium sulfate turbine fouling and 
corrosion discussed. Laboratory tests 
have shown that none the commer- 
cially available alloys immune from at- 
tack when these mixtures are molten, 
that is, temperatures above 650C. 
Nickel base heat resisting alloys the 
Nimonic type offer higher resistance 
attack than the austenitic steels and some 
degree protection afforded elec- 
tro-deposited coatings chromium. 

Steels and heat-resisting alloys are not 
attacked any significant extent tem- 
peratures below the melting point the 
ash, but copper base alloys suffer con- 
siderable corrosion temperatures 
low 500C. 

detailed investigation the effect 
additives the corrosion rate vana- 
dium pentoxide-sodium sulfate ashes in- 
dicates that corrosion can consider- 
ably reduced and that such method 
approach promising. Suitable additions 
may made mixture oil water 
soluble materials with the fuel, sus- 
pension the fuel, separate injec- 
tion into the combustion chamber with 
the object reducing corrosion and 
deposition. 

Laboratory corrosion tests, using ash 
additives such zinc oxide, aluminum 
oxide and kieselguhr, have shown that 
the rate attack can greatly accel- 
erated the additive present certain 
critical proportions, but when this ex- 
duced. With magnesium oxide, however, 
such increase attack was noted. Rig 
tests have confirmed some the bene- 
ficial effects additives. 8509 


4.3.5 

Corrosion Metals Construction 
Alternate Exposure Liquid and 
Gaseous Fluorine. AND 
National Advisory Committee 
for Aeronautics, Tech. Note No. 3333, 
Dec., 1954, pp. 

Quantitative investigation corrosion 
3S-O and 52S-O aluminum, AISI 347 
and 321 stainless steels, “A” nickel and 
low-leaded brass alternate exposure 
liquid and gaseous fluorine for periods 
months was made. For storage 
and handling purposes, the change 
weight each the metals was neg- 
ligible under test conditions. differ- 
ence was observed between portions ex- 
posed gaseous fluorine only and those 
exposed alternately liquid and gas. 
the case nickel slight intergranular 
corrosion was observed. Tables, photo- 
micrographs, 8467 


4.4 Chemicals, Organic 


4.4.7, 3.7.3, 8.8.5 

Machine Tool Corrosion Soluble 
Cutting Oils. Pt. II. Product Finishing, 
74-86 (1954) Jan. 

Discusses results investigation 
the corrosive action eleven oils cast 
iron similar that used machine tool 
construction. Tables, 


8740 


4.5 Soil 


4.5.1 

Geological Cells: their Role Certain 
Corrosion Phenomena. (In French). 


sion; Nos. 69-75, 99-105 
March-April, May-June, 


Electrochemical cells formed by: 


metal structures running through 


ent soils may cause corrosion. First part 


discusses electrical aspects such 
and geophysical methods measuring 
soil resistance; second part, 
such corrosion, with examples— 


BNF. 


4.5.2, 5.2.2, 3.3.4 


Corrosion Due Mud Banks 


Chem., Pt. 661-666 (1954) 
Estuary mud, frequently 
ment which corrosion iron and 


may readily occur. Influence 


ture corrosion and also the effect 
abrasion protective quality 
film are examined. Corrosion very 


vere under the anaerobic conditions 


tained complete immersion the 
Under water-line conditions the 
enon more complicated, but 
under oxide blisters may ba. 
terial action. apparent that 
protection with zinc for sted 
polluted mud. Tables and 


4.6 Water and Steam 


4.6.2, 7.6.4 


Boiler Feed Water for 
vanced Steaming Conditions. 


Overseas Engr., 27, 206-211 (1954) Jan. 
Reports results research factors 
leading boiler corrosion deposits 
Presents recommendations for feed water 
conditioning. Diagrams, graplis. Eight 


August, 


tionship 
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77F. 


Water 
World, 
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4.6.2, 7.6.4 

Corrosion Materials High 
periment Station, Annapolis, 
Feb. 1954, pp. 

Results are reported number 


laboratory experiments dealing with the 


problem stress-corrosion cracking 
austenitic stainless steels boiler water 


environments, The data support 


lier conclusion that Navy boiler water 
treatment inhibits the cracking 
als submerged the water. However, the 
treatment not effective with 
above the liquid Cracking could 
produced easily the vapor phase 
water temperatures, water composition 
and material stress levels practical 
terest. addition, was 
that this type cracking occur 


commo 


treatme 
Results 


cyar 


destroy 


zinc 
comple 
offer 


practical applications. The 


tion consisted inspection and 
tion numerous cracks 
steel cyclotherm boiler used 


services aboard 421 class 


netic mine sweepers. (auth).— 


4.6.4, 4.6.11 

Sea Water Industria! 
Part Operating Conditions. 
Brooks. Dow Chem. Co. 
33, No. 10, 127-130 (1954) Oc: 

Discusses corrosion 
ant, including bacterial corrosi 
sea water. Tables list corr: sion 
different compositions and ste 
(including 1.3% nickel, .74% 
when immersed sea water 
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Coolant. 


! Refiner, 


involve d 
and the 


and 


between open circuit potentials 
and rates metals (including 
stainless Type 410, and Hastelloy 


77F. references.—INCO. 8571 


Pumps Gas-Laden Corrosive 


Water from Deep Osceola Lode. Mining 
World, 16, No. 12, 38-45 (1954) Nov. 
Description the unwatering the 


Hecla, Inc. which believed the 


largest underground dewatering pumping 
operation the world. Large concentra- 


corrosive chlorides and explosive 


contained the water entailed ad- 


Monel bronze 


pumps and casing coated internally and 


corrosion 


externally with neoprene were used for 


8605 


7.2, 6.6.8 


Products Corp, Heating, Pip- 


26, No. 92-93 


well was constructed dis- 


corrosive waste water. Natural 
tained percentage chlorides and 
hydrogen 
the 
stainless pipe the surface avoid 


flowing from the well con- 


prevent corrosion 
the casing was lined with 
Provision was 


strain and possible breakage the 


plastic pip: 


8424 


Treatment Cyanides, with 


434-444 (1954) August. 


Experiments effect cyanides 


treatment sewage percolating filters. 
Results show that for filters acclimatized 
more than 99% cyanide was 
destroyed solution sewage and 


solution water containing 100 ppm 


zinc cadmium (for copper nickel 
complexes about 75% destroyed). The 
action appears biological and may 
offer alternative pretreatment chemi- 
oxidation before discharge into 


8685 


4.7 Molten Metals and Fused 


Compounds 


Investigation Materials for Use 


Heat Transfer System Containing Liq- 
nd loca: 


Lead Bismuth. Final Report. 


ALPH PARKMAN. Stanford Univ. School 


Mineral Sciences. Contract AT(11-1)- 


Report No. (AECU-2915), June 
pp. 

Data are reported from studies the 
dissolving iron and chromium from 
immersed liquid lead.— 


8652 


6.3.10, 2.4.2 
Study Corrosion and Mass Trans- 
Nickel Molten Sodium Hydrox- 
10, 12, 435-439 (1954) Dec. 
material molten sodium hydroxide 
hampered high temperatures 
corrosion and mass 
ster temperature gradient 


present the system. Free convection 
studies other laboratories and prelim- 
inary studies the National Advisory 
Committee for Aeronautics Lewis labo- 
ratory showed that the amount mass 
transfer strongly affected variables 
such temperature level, temperature 
gradient, flow conditions, atmosphere 
and the chemical composition both the 
caustic and the nickel. was found that 
normal care the control these varia- 
bles resulted reproducibility the order 
200 300 percent. free convection 
test was developed which yielded results 
reliable percent and made pos- 
sible study the effects the different 
variables and investigate the effective- 
ness additives. The relations between 
mass transfer rate and temperature gra- 
dient were established the temperature 
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caustic were also studied, 


made for the purpose comparison 
the free convection tests. 


4.7, 8.4.5 


"You can bet your boots coal tar 


asphalt for pipe 


“Son, ever notice how things better surroundings they’re 
used to? You and pipelining find true there, too. Take coal 
tar pitch, for instance, use enamel pipe and wrap the 
pipe with asbestos saturated with coal tar and you’ve got line 
that lasts for years and years. But I’ve seen lines laid where asphalt 
was used—never stayed down long, either. Too porous and usually 
has little salt it. First thing you know your coating and 
wrappings fighting again’ you instead with you. 


seen coal tar pitch that’d been underground years and 
still good shape—was the foundation the old Grand Central 
Station New York. Yessir, asphalt makes good roads and things 
where the sun gets it—-but underground it’s best use coal tar, 
otherwise you’re trying work against nature. You can bet your 
boots coal tar pitch better’n asphalt pipe. 


“Ran across Day man the other day out line being 
laid and really knows about coal tar and other things made from 
it. It’s used couple products they handle—PITT-CHEM 
enamels and RUBEROID asbestos felt. 


“From all ever hear they’ve got the best products and service 
know of. Give them call soon, son.” 


DAY COMPANY 


1973 WEST GRAY HOUSTON, TEXAS 


Distributor: 


PITT-CHEM Coal Tar Enamels 
RUBEROID Asbestos Felt 
FIELDJOINTERS 
FORMULA 291—Skinsaver 


range 1400-1600F. The effects addi- 
tions large variety materials the 


Induced flow experiments velocities 
feet per second were performed 
apparatus which permits independ- 
ent variation flow rate and tempera- 
ture gradient. This system contained 
other metal except that under study and 
required pump, valves flowmeter. 
variety additions the caustic were 


Studies the Uranium-Bismuth Fuel 
BERG, TUROVLIN AND Chemical 
Engineering Progress Symposium Ser. 


121 

with 

8511 

] 

| 
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No. 12, Part II, Nuclear Engineering, 
23-27 (1954). 

Static and dynamic corrosion tests were 
made chromium-molybdenum and 
chromium-silicon steels contact with 
liquid bismuth-uranium. 
hibition studies, liquid metal convection 
pot and solubility iron.in liquid bismuth 
are 8488 


PREVENTIVE MEASURES 


5.2 Cathodic Protection 


Proposed Methods for Cathodic Pro- 
tection Composite Structures. UNz. 
Corrosion, 11, No. 40-43 (1955) Feb. 

Separate current drainage systems 
special blocking circuits are required for 
heterogeneous structures which are closely 
located each other, This precaution 
essential for the elimination metallic 
short-circuit paths between 
tures, liable cause dangerous local cor- 
rosion currents when the protective circuit 
disturbed. 

Galvanic anodes used for the protection 
parallel pipe and cable lines must there- 
fore grouped separately. Applied current 
generators are equipped with rectifier ele- 
ments block circulating currents between 
the components the plant protected. 
circuits are with separate recti- 
fier units for each section. 

Concentric steel ducting best com- 
pletely insulated from the metal body 
contained it. Where this not possible 
the case bore-hole wells, two 
separate drainage circuits are required 
with provision for keeping the potentials 
the casing and the inner body the 
same level. 

further investigation will published 
soon experience has been gained 
with the methods suggested. 8459 


Determination Two Basic Param- 
eters Long Subterranean Metallic 
Structure. (In Russian). 
No. 64-65 (1954) 
Sept. 

Equations for damping coefficient and 
effective resistance for calculating cathodic 
protection. Graphs. 
BTR. 8536 


Economic Aspects Cathodic Protec- 
tion. (In Italian). NANNI AND Com- 
POSTELLA. Metallurgia Italiana, 46, special 
supplement 98-100 (1954) May. 
Economic advantages cathodic pro- 


5.2.1, 3.6.9, 4.5.3 

Solution Cathodic Protection Inter- 
ference Problems. Francis RINGER. 
11, No. 45-52 (1955) March. 

When external source power with 
associated ground bed used provide 
cathodic protection underground 
structure, the possibility presented 
creating accelerated corrosion neigh- 
boring structures which are not part 
the cathodic protection system due the 
flow interference currents these 
neighboring structures. This article de- 
scribes method obtaining data which 
will permit the extent interference 
determined before permanent cathodic 
protection installations are made, And, 
the need for bond between structures 
prevent interference indicated the 
bond resistance can calculated 
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engineering basis. Data obtained the 
use this method are engineering 
accuracy which can obtained mini- 
mum field time, thus eliminating cut 
and try methods and the need for exten- 
sive surveys made before and after perma- 
nent installations are completed. 

The method was evolved approximately 
years ago the late Dr, Pearson 
the Sun Oil Co. connection with his 
development engineering methods for 
the investigation and control stray cur- 
rents underground structures. Since 
cathodic protection interference currents 
are the same nature stray currents 
with the exception that they are control- 
lable and steady value, the method has 
been found very useful cathodic 
protection work. this 
method, Dr. Pearson based his work upon 
the fact that the resistance through the 
between structures and the risist- 
ance between structure and earth any 
given location constant and thus can 
treated such mathematically. Upon 
this basis underground structures can 
considered electrical network per- 
mitting solution problems relating 
cathodic protection, interference, etc., 
measuring the network constants the 
proper location. Simple mathematical 
treatment the data thus obtained will 
provide required solution most easily and 
quickly. 

brief discussion given concerning 
the proper location ground bed 
order minimize the effect interfer- 
that when the ground bed improperly 
located interference currents may set 
the foreign structure which cannot 
eliminated the use bond be- 
tween structures. There generally 
location which ground bed can 
placed that will result minimum inter- 
ference current flow foreign structures 
and which the direction permitting 
resolution bonding. 8622 


5.2.1, 4.5.3, 8.9.3 

Current Requirements for Cathodic 
Protection Pipe Lines. 
Corrosion, 11, No. 52-58 (1955) 
April. 

The problem faced the engineer seek- 
ing cathodically protect buried pipe 
line find the best and most eco- 
nomical way drain from certain se- 
lected points the line sufficient current 
give adequate protection. Three basic 
methods this end are placing the line 
under full protection, placing the line 
under partial protection and calculating 
the requirements for complete protection, 
both using temporary installations; and 
measuring the electrical characteristics 
the line and calculating its behavior 
under various proposed systems. 

The fourth method—an empirical esti- 
mate—is more important than its nature 
would indicate because certain assump- 
tions based observation and experience 
usually are helpful arriving final 
conclusion. 

Principal problems also faced the 
engineer are those securing electrical 
continuity where joints other than welded 
are used and insulating the line from 
other buried structures. 

The author recommends procedure 
involving steps such as: Determining 
static potentials, draining interrupted cur- 
rent from selected points and from data 
thus collected determining the relation- 
ship between polarization 
voltage and attenuation driving volt- 
age; computing desired effect combi- 
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nations drainage currents. 

Also discussed are such 
technique for making potential 
various means plotting data for 
use, what constitutes “adequate” 
tion, where the electrode should 
making potential readings and 
matters. 


The Application Cathodic 
Chemist, 30, No. 357, 483-487 
October. 

Outlines the principles cathodic pro. 
tection; relative advantages 
vantages the use sacrificial anodes 
and the use applied current. Refers 
also the limitations cathodic pro. 
tection; protection aluminum: and the 
economics cathodic protection 
larly relation its use with rotectiy 


Check Costly Hull Corrosion. 
Kurr, Am. Smelting Co. 
rine Eng., 59, No. 11, 57-60 Noy, 

Recent annual docking the Pure 
magnesium anodes for under ater 
surfaces. anodes arranged four 
groups each side the made 
the cathodic protection system. After 
twelve months only major work 
hull, apart from replacemen: 
nesium anodes, was touch vinyl 
paint wetted hull Cause 
sign system and insulating barrier are 


Anode Plate Protection. 135, No. 
20, 167 (1954) Nov. 15; Modern Metals, 
10, No. 10, 100-101 (1954) Nov. 

Alcoa anode plate, special aluminum 
alloy designed for cathodic protection 
steel ship hulls sea water, been 
Clipper. Thirty-eight anodes cut from the 
anode plate, were bolted the hull 
rudder post the ship January, 1953 
When the ship was drydocked August, 
1953, the steel the stern frame, rudder 
post and rudder had retained its entire 
coat pain and there was indication 
severe corrosion-erosion The 
initial inspection revealed that the 
num anodes were half consumed. 
January, 1954, the anodes had been con- 
sumed the point that they were 
for replacement but the hull was 
excellent condition. The plate 
one standard size, in. in. 
Other possible applications include: 
tecton heat exchangers, storage tanks, 
various types condensers 
metal-hulled 


7.4.2 

Cathodic Protection Open 
No. 33-56 (1955) January. 

ammonia gas pressures 230 
space and other considerations, graphite 
anodes and impregnated anodes 
were employed. 

Heavy deposits salts 
tially the areas nearest but 
little surfaces farther away 
close spacing anodes and 
current was reduced, deposits 
and heat transfer rates improve 


August, 


sonal 
cooling 
ing dec 
farthest 
when 
from 
distribu 
fiers 
Succe 
coolers 
protect 
plant 


5.2.3, 

Cathe 
pip 


West 


many 
enamel 
terrain 
numero 
secting 
limi 
with 
for pro’ 
mize 
Most 
d tion wa 
ple 
tective 
pumpin 
personr 
cent of 
insulate 
4 provide 
any 


7 
q 
q 
4 


5.3.2 
How 
nents 
SEELIG, 
Chro 
provide 
tion, 
Methoc 
face 
the 
tered 
bras 
ment 
act 
called 
q 
q 


4 


carbon 
mixtur 
carbide 
calle 
proper 


Chr 


Met 

173, 


Spra 


+ 
hy. 
— 
| 
| 
| 
th 
‘ a? 
4 
tes 


tions 
best 
placed 
other 


8613 


dic 
anodes 

Refers 

lic pro- 
8585 


Nov. 
ure 
ness of 
ter hull 
four 
After 
Cause 
and 
rier are 


No. 
Metals, 


been 
Ale 
‘om the 
ull and 
1953 
rudder 
entire 
lication 
The 
alumi- 
nade 
tanks, 

8657 


Box 
10m il, 


tion 
to cool 
use of 
raphite 
anodes 


but 
ause 0! 
When 
inished 


August, 1955 


variation the salt content the 
cooling water resulted increase 
resistance the water and correspond- 
ing decrease the polarization the 
tubes, This allowed corrosion tubes 
farthest from anodes which was stopped 
when the anodes were relocated outward 
from tube surfaces give better current 
and output selenium recti- 
fiers increased return potential 
Success initial experiments with the 
coolers application cathodic 
protection new and larger coolers when 
plant capacity was increased. 8453 


8.9.3 

Cathodic Protection Applied 
Oil Pipe Line System. 
(1955) March. 

eter pipe transporting crude oil from 
West refineries located near 
the Ship Channel presented 
many pro! ems. The asphalt and coal tar 
enamel line was constructed 
thin-wall, pipe. traversed 
terrain widely-varying characteristics, 
numerous and river crossings, inter- 
secting lines and parallel lines 
common Distributed sources 


limite’ current drainage combined 
with bonds were desirable 


for congested rights-of-way 


Most the cathodic protection installa- 
tion was completed the time the line 
was operation. Installing pro- 
pumping stations permitted cooperative 
inspection and maintenance operating 
was estimated that 99.9 per- 
cent the trunkline piping was effectively 


insulated, regular inspection schedule 


provides records for evaluating the effi- 


ciency the protection 


any decline. 8649 


5.3 Metallic Coatings 


How Make Iron Powder Compo- 


nents Resistant Rust and Wear. 
Chromalloy Corp. Precision Metal 
Molding, 12, No. 103-106 (1954) April. 


Chromalloy Corp.’s chromizing process 


provides combination rust protec- 


tion, wear proofing 
Method involves reaction between 


chromium-rich gas and the ferrous sur- 


face followed diffusion. Depending 


tered material (method does not work 
brass bronze) and the type treat- 
ment selected, two different results can 
achieved. low-carbon material 
(straight sintered iron, 1010 steel, 
iron alloy layer formed 
which rust resistant and possesses 
considerable amount ductility. This 
called the Chromalloy case. 
carbon material (sintered iron-graphite 
mixtures, 1095 steel, etc.) chromium 
carbide layer formed which ex- 
tremely hard and abrasion This 
called the Chromacarb case. Physical 
Properties sintered iron are improved 
8651 
5.3.2 
Molybdenum Coatings Expand Uses 
No. 26, 105-107 (1954) July 
molybdenum bonds well with- 
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Humble 
RUST-BANS 


will save you money 
Check this list carefully. 


Then check your own equipment; see you 
have overlooked vital spots where RUST-BANS can 
help you save maintenance costs. 

Here are typical types and uses RUST-BANS 
and other Humble Protective Coatings: 


Metal Primers: 


For priming all types vessels and structures 
For priming selected areas under highly 
corrosive conditions 

For priming galvanized iron sidings and 
roofs buildings 


Aluminum Coatings and Enamel Finishes: 


For finishing vessels and structures 


Hot Surface Coatings: 


For coating hot surfaces, like manifolds and 
exhaust stacks temperatures 1000° 


Rust Preventive Compounds: 
For preserving stock inventories items 
bin storage 
For protecting equipment extensive 
outdoor storage pipe and valves. 
Call the Sales Technical Service Division for 
expert advice your corrosion problems. 
obligation, course. 


HUMBLE OIL REFINING CO. P.0. Box 2180 
Houston, Texas 


HUMBLE 


4 
: 
q 
q 
| 
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out any surface preparation (except 
thorough cleaning) the basis metal 
(steel, titanium, aluminum and mag- 
nesium alloys); provides excellent wear 
resistance and has been used, e.g., tex- 
tile spindles and Diesel locomotive crank- 


5.3.2 

Tin Protective Material. (In 
Italian). Metallurgia Italiana, 
46, No. 141-149 (1954) 

The mechanism corrosion tin- 
coated copper and iron considered, and 
the conditions under which tin inhibits 
corrosion studied. Testing methods for 
tin coatings are discussed, particularly 
the porosity 8564 


532 

Electrolytic Nickel-Clad Plate Offers 
Low-Cost Corrosion Protection. 
Bart Mfg. Corp. Age, 174, No. 
18, 87-89 (1954) Oct. 28. 

New process recently developed 
Bart Mfg. makes available low-cost 
clad material for fabricating assemblies 
which require corrosion protection, Pure 
nickel deposited thicknesses from 
0.006-0.020 in. any grade mild steel. 
The material, called Lectro-Clad steel, 
can roll formed, die formed, flame cut, 
sheared and Several new meth- 
ods for pickling, cleaning and etching are 
represented this development. Nickel 
can deposited higher rates but 
0.003-0.005 in./hour optimum rate for 
smooth, pore-free surfaces. Nickel plate 
hardness 140-160 Vhn; tensile strength 
50,000 8487 


Electrochemical Method for Evalu- 
ating Plated Coatings. Prerce AND 
Paper before Am. Electro- 
platers’ Soc., Ann, Conv., July 
13, 1954. Plating, 41, No. 1034-1042 
(1954) Sept. 

means evaluating electrodeposits 
with respect their corrosion resistance 
described. The electrolytic corrosion 
cell described supplied quantitative data 
terms numbers perforations per 
unit area concerning the corrosion resist- 
ance electrodeposit. may also re- 
veal qualitative data regarding such 
things plate inclusions types plate 
(bright, semi-bright, etc.) means 
distinctive forms perforation. The test 
procedure itself consists in: the plated 
surface locked the clamping fixture 
with the test cell place. Copper 
cathode positioned the Lucite cell 
cover the cathode. Electrical connec- 
tions are made the plated object and 
the copper cradle, The plated surface 
the anode, the copper wire the cathode; 
0.3 volt applied the system for 
period two, four, more hours 
necessary, depending the nature the 
plate and its thickness. After the test 
period the plated surface rinsed, and 
dried and the number and type perfo- 
rations determined.—ALL. 8677 


3.5.8 

Stress Chromium Deposits. 
MELLO. Plating, 41, No. 10, 1171-1182 
(1954) October. 

Stress deposits from the CR-110 
self-regulating high-speed bath 
ordinary chromium deposits; correlation 
cracking and stress; stress comparison 
for depositing alternate layers low and 
high stress chromium; effect baking. 
Determinations were made 
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spiral contractometer, later rigid 
flat-strip 8716 


Lead-Tin Alloy (Electrodeposited) 
Coating Improves Workability Strip 
Steel. Age, 173, No. 11, 
140-142 (1954). 

85:15 lead-tin alloy deposited from 
fluoborate solution strip steel acts 
lubricant, reduces wear dies and 
forming tools, eliminates substantially 
plating costs, 
has excellent solderability without chlo- 
ride acid flux, gives excellent corro- 
sion-resistance and can accurately con- 
trolled 8638 


5.3.2, 5.4.2 

New-Low-Cost Coating Gives Mild 
Steel Good Corrosion Resistance. 
Harvey. Testing Labs., Inc. Jron 
Age, 173, No. 15, 125-127 (1954) April 15. 

Fast, low-cost application nickel- 
phosphorus coating the Niphos process 
claimed give mild steel corrosion- 
resistant properties comparable stain- 
less the process developed 
reduced the coated surface tem- 
perature much lower than either the base 
metal nickel. Nickel oxide, dibasic 
ammonium phosphate and water are com- 
bined paste, paint spray, consistency. 
varying the constituents, the resulting 
alloy will vary percentage phos- 
phorus and will vary the physical prop- 
erties the coating. Application can 
made brushing, dipping spraying. 
Any thickness can applied all 
shapes and sizes objects. Illustrations. 


INCO. 8405 


5.3.2, 5.4.5 

Organic Finishes Electrodeposits. 
187 (1954); disc., Ind. Finishing (Brit.), 
No. 72, 816-818 (1954). 

Suitable treatments and coatings for 
application zinc- and cadmium-plated 
objects are suggested. Etch primers are 
recommended for nickel, 
chromium, silver and 


Improvement the Corrosion Resist- 
ance Tinplate Chemical Treat- 
Applied Chem., No. 351-364 (1954) 
July. 

Corrosion tin coating sodium hy- 
droxide solution retarded solutions 
sodium chromate (about 3g./1. ina 
sodium hydroxide solution); tin plate re- 
mains bright and becomes more resistant 
atmospheric corrosion, oxidation 
heating and staining materials con- 
taining sulfur; very dilute solutions 
sodium chromate (up 0.15%) accel- 
erate the corrosion tin sodium 
hydroxide solution—BNF. 8567 


5.3.2, 6.4.2, 3.5.6 

The Diffusion Addition Elements, 
Particularly Copper, the Cladding 
Light Alloys. (In French). RENOUARD. 
Rev. Met., 51, No. 419-424 (1954) June. 

The coefficient diffusion copper 
from Duralumin into the aluminum clad- 
ding was measured; was found vary 
considerably between one sheet and an- 
other. The seriousness the diffusion 
and methods for reducing it, are dis- 
8718 


5.3.2, 8.8.1 

Nickel- and Monel-Clad Steel the 
Chemical Engineering Industry. 
Paper 5th Symposium Ma- 
terials Construction for the Chemical In- 
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dustry (Clad Materials) 


Sponsored by 


Inst, Eng. Nov., 1953. 


20-22 (1954); Chem. Tech., 
24; disc., 24-25 (1954). 


Detailed information thermal, phys. 


cal, mechanical 


and Monel with reference use 
dings construction chemical 
Data fabrication and design 
plant, extracts from pressure vessel 
allowable stress values tension 


nickel, Money and carbon and ap- 


proximate limiting service tem 
sulfur-free and sulfurous atn 
and halogen acids are given. 


peratures 


Behavior 


oxidizing atmospheres and resistance 


molten metals are included. 
resistance contact with fresh 
water, neutral and alkaline 
salts, oxidizing acid and alka! 
sulfuric acid, hydrochloric 
acid, oxidizing acids, 


tailed results tests caustic 


various temperatures and conc: 
for nickel, Monel, 70/30 cup 
arsenical copper, 15/11 
steel and 18/9 
test data for nickel evap: 


chlorate) discussed.—INCO 


5.3.4 


How Finish Metal Products 


ucts Finishing, 18, No. 38-4 


May. 
After brief discussion 
tages and applications vacut 


orrosion- 
and 
acid 


alis 
soda 


hromium 
steel: 


ration 
caustic soda from 73-96 with 


without 


8503 


ER. Prod- 
(1954) 


advan- 


lizing, detailed account the process 
the zinc alloy die cast horns, manufac- 


tured Yoder Manufacturing 


which 


are given vacuum metallized aluminum 


5.3.4 


Hot Dip Galvanizing. Parts II, and 


III. Steel, 134, 


98-99, 138-139 (1954) Feb. 22, 


Mar, 
Part Deals chiefly with coat 


ness. The life zine coating 


102-103, 
Mar. 


ing thick- 


directly proportional the thickness 


the coat. 
Part II. Control timing, 


ture and cleanliness work 


cally improves uniformity and 


tempera- 


product 


quality, Photograph, diagram, graphs. 


Part III. Deals with mate: 


and 


methods. ensure the advantages 


controlled hot dip galvanizing, 
base materials and preparat 


ill phases 
ry proc: 


esses must thoroughly 


For example, low-carbon, op: 
steels are most suitable for 
vanizing but even they vary 


resulting coating that 


porous too dark. 


5.3.4, 3.7.3, 1.6 
Electroplating and Corrosion 
tion. 
1954. London: George Newnes, 
This book consists 
information connected with 
and metal finishing processes, 
large numbers illustrations 
which are not explained ret: 
the text. Many the 
correct record practice years 
and much the rest vagu 
cept where has obviously 
direct from manufacturers’ 
author named, but 
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have been “edited Molloy,” 
all obvious that Mr. Molloy has 
al, little practical knowledge metal fin- 
and has done disservice his 
esign most unfortunate that publisher, 
most whose books are immense help 
sion for engineers, technicians, and artisans, 
and ap. have produced such physically 
technically useless, book. 


eTatures 
ospheres 7 —MA, 8603 


for Corrosion Prevention. 
Its, acid 11, No. 29-32 (1955) March. 


soda surveyed, surface preparation, eee 


sored stated 


without ys, anticipated. list 
ship’s hulls, oil tanker in- 
water tanks, marine atmos- 
ucts pheric sures, railroad bridges, steel 
piling, industrial atmospheres, exhaust 
(1954) stacks and mufflers and river lock gates. 
8579 

5.3.4, 5.9.4, 6.5 
process Can Powdered Metal Parts Sur- 
cision Molding, 12, No. 77-78 


uminum and brass camera parts made 
powder metallurgy are finished 
phating and satin chromium plating re- 
spectively —BNF. 8678 
an 
6.2.5 
Stel for Cadmium Plating. Ministry Whether applied Roskoter* (top), brush (bottom) spray, 
No. (A) Roskote cold-applied mastic’s drying speed and handling ease cut 
method preparation manhours from work schedules. Yet costs only three cents per 
alkali clean, sulfuric acid pickle, square foot coverage. 
strike, rinse and plate Roskote dries the touch minutes and ready for back- 
Non-Metallic Coatings asphalt and non-toxic. 
Paints This tough, natural resin-base mastic sets flexible film 
yhases 
Industrial Paint Strippers, withstands the pressure, strain and abrasion the 
different types paint strippers megohms per sq. ft. and highly resistant the corrosive attack 
and easy but are slow, will tarnish acids, alkalies, salts and moisture. 
and etch while they will not Find out for yourself why over 100 major utilities and pipe- 
strippers, concentrated sulfuric acid line companies specify Roskote for their jobs. Write for 


278 are fast and clean acting but are corro- 
and are the technical information and free sample, and while 


dried finishes, Cold strippers ‘are expen- new coating device. *Patent Applied For 


sive but are the most popular they are 


have high flash point, minimum District Offices 


are based phenol derivatives and 


and are best for stripping LABORATORIES INC. Atlanta, Georgia 


mine, phenolic, epoxy and 
type coatings large production BOX 112-D, LAWNOX Box 1753 
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5.4.2, 3.5.9 

Two New High Temperature Coat- 
ings. PECHMAN, Ryan Aeronaut. Co. 
Materials Methods, 39, No. 94-96 
(1954) April. See Also: Ryan Develops 
Ceramic-Liner Techniques. Aviation 
Week, 60, No. 17, 38, 40, (1954) 
April 26. 

experimental nickel magnesia cer- 
met can flame sprayed. Applied 
stainless steel, Inconel and other high- 
temperature alloys, will withstand tem- 
peratures 3500 for limiting pe- 
riods. 

Latest ceramic coating developed 
National Bureau Standards, A-418, 
has retarded occurrence oxidation, 
carbon absorption and corrosion attack 
usually experienced application; pos- 
sibility welding through coating. 

8595 


Materials Construction 


6.3 Non-Ferrous Metals and 
Alloys—Heavy 


6.3.8, 5.8.2 

Sodium Fluosilicate Anticorro- 
sive for Lead. (In Dutch). 
AND Tech. Wetenschap. Tijd- 
schr., 22, 247-248 (1953) November. 

iron-lead couple immersed var- 
ious waters was used determine 
whether addition sodium fluosilicate 
inhibitor effective preventing the 
corrosion lead. Five waters were 
studied, viz., completely demineralized 
water (three times distilled), with and 
without carbon dioxide; demineralized 
water containing carbon dioxide plus 
178 mg. fluosilicate per liter; and Per- 
mutit-softened industrial water, with and 
without addition fluosilicate. Samples 
were taken after hours and 
the concentration dissolved lead was 
determined polarographically. 

did not diminish corrosion waters 
where the normal protective carbonate 
layer was absent 


8349 


6.3.9, 5.3.2 

Oxidation-Resistant Coatings for 
Molybdenum, Quarterly Progress Re- 
port No. for the Period April 1953— 
Molybdenum Co. Michigan, Contract 
33(038)-16197, pp. 

Nine different single-layer coatings 
protected molybdenum from oxidation 
1800 degrees for least 500 hours. 
The most consistent results were ob- 
tained with coatings containing alumi- 
num and the following alloys: nickel- 
silicon, chromium-silicon and iron-chro- 
mium-silicon. Two single-layer coatings 
protected molybdenum 
air 1800 degrees for approxi- 
mately 100 hours, during which ex- 
posure the coated specimens were 
stressed sufficiently produce elonga- 
tions approximately percent the 
gage sections. The coatings were Col- 
monoy No. and Colmonoy No. 
8339 


6.3.9, 5.3.2 

Oxidation-Resistant Coatings for 
Molybdenum. Quarterly Progress Re- 
port No. for the Period January 
1953—April 1953. BLANCHARD. 
Climax Molybdenum Co. Michigan, 
Contract 33(038)-16197, pp. 

Two single-layer sprayed coatings 


protected molybdenum from oxidation 
1700 degrees for least 500 hours, 
One two-layer sprayed coating protected 
molybdenum from oxidation 1800 de- 
grees for least 500 hours. One 
three-layer sprayed coating and one sin- 
gle-layer sprayed coating protected 
molybdenum exposed air 1800 
for approximately 100 hours, during 
which exposure the coated specimens 
were stressed sufficiently cause elon- 
gations over percent the gage 
(auth).—NSA. 8341 


6.3.11, 7.7 

Hardenable Silver Alloy. Elec. Mfg., 
53, No. 154, 156 (1954) June. 

Silver-magnesium-nickel harden- 
able high silver alloy furnished soft, 
ductile strip wire. the hardened 
condition, the silver alloy has good 
spring properties, excellent corrosion re- 
sistance and high thermal and electrical 
conductivity. can soft- and silver- 
soldered without affecting the temper. 
Physical properties include: hardness 
(Rockwell T); and modulus 
elasticity, 12.5 can used for 
electrical contacts, contact arms and 
wipers, tube clips and other applications. 


—INCO. 8095 


6.3.19, 6.3.14, 5.9.4 

Recent Methods for the Protection 
Zinc and Tin. Werkstoffe 
Korrosion, No. 12, 460-461 (1952). 

Protection zinc surfaces. Cause 
difficulties encountered. Chemical meth- 
ods surface protection involv- 
ing the production chromate coatings; 
two-stage treatment developed Metall- 
gesellschaft. Treatment zinc alloys 
potassium ferrocyanide bath and 
alkaline chromate solution, respectively. 
Anodic methods: Use solutions fer- 
rocyanide, ferricyanide, permanganates, 
chromates, oxalates, etc. Protection tin 
surfaces: Anodic oxidation dilute am- 
monia solutions; anodic blackening tin 
and tin alloys with solutions containing 
phosphates ferricyanides. Translation 
available: Henry Brutcher, Box 
157, Altadena, California. 7936 


6.3.20, 1.6, 5.9.4, 3.6.8 

Studies the Anodic Polarization 
Zirconium and Zirconium Alloys. Mario 
VAN Oregon Univ., 
Atomic Energy Comm., (AECU- 
2797), Sept., 1953, pp. 

The anodic polarization zirconium 
and some its alloys was studied 
several different aqueous electrolytes. 
chloride solutions, corrosion potentials 
below that oxygen evolution were es- 
tablished, but the addition nitrate ion 
the potential above that oxygen evolu- 
tion. The formation the oxide film 
along the three portions the potential- 
time curve (initial rapid increase, evolu- 
tion oxygen practically constant po- 
tential, final rapid increase) was studied 
detail and quantitative information 
about local currents and the efficiency 
the film-building process was obtained. 


(auth).—NSA. 7913 


6.3.20, 3.6.8, 3.8.4 

Progress Report Electrochemical 
and Polarographic Studies the Cor- 
rosion Zirconium the Presence 
Various Aqueous Media. 
January 23, 1953. 

Oxygen consumption ob- 


was not 
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served zirconium sheet treated 


air-saturated 2-7 hydrochloric 
thodically polarized zirconium gaye 
larization potentials too variable 
tect hydrogen peroxide. Potential 
time studies indicate that oxide 
face film formed except 
chloric acid media, where hydrogen 


Other solutions tested were 


zirconium anode. 


water (distilled). Polarization 


6.3.20, 3.7.2 


Properties Zirconium and Its 


845, June 30, 1953, pp. 
zirconium and its tin alloys 
the room-temperature 
impact test. Increasing hydr 
tents, 500 ppm 
sition temperature. lowers 
ductility slightly and has 
effect the tensile-strength 
The embrittling effect elin 
water quenching from 
the hydrogen content les 
ppm. The hydrogen conten: 
lowered sufficiently 
ing make zirconium tough 
notched-bar impact test 


kes these 


the tran 


apparent 


than 
may 


6.4 Non-Ferrous Metals 


6.4.2, 3.2.2 

Intergranular Corrosion High 
ity Aluminum 


ment Mines and Technica! Survey 


(Canada), Publ. ES-11, July 
pp. Metal Progress, 64, No. 


(1953) Sept. 


Corrosion tests carried out the 


thor distilled water 150C some 


attack 


some cases 
did not occur with high-purity 


num the unannealed condition 


always occurred the annealed 
tion. Etch-pit analyses samples which 
resisted the attack revealed 


experiments water 150C 


that the high-purity aluminum 
0.1% silicon addition, annealed 
annealed, does not suffer 


the tested samples showed that 
low degree misfit 
adjacent lattices. The results seem 
indicate that metallurgical factors have 
great bearing the corrosion resist 
ance high-purity aluminum when 
interpreting corrosion results 
able behavor the annealed 
aluminum samples indicates 

essing variables other than 

have marked influence 

sion resistance; g., the poor 
purity aluminum and the 
sistance all the samples the 
minum-silicon alloy. (auth).— 
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August, 1955 


Pitting Corrosion Characteristics 


Aluminum: Influence Iron and Sili- 
Corrosion, 10, No. 269-272 (1954) 
Sept. 

work was undertaken deter- 
mine the influence iron and silicon 
upon the pitting characteristics alu- 
minum, Iron and silicon amounts from 
0,05 0.7 percent, alone and various 
combinations was added commercial 
purity (99.75 percent Al) and super pur- 
ity percent Al) aluminum. The 
addition iron any level increases the 
pitting super purity alu- 
minum Whereas significant increase 
for ‘he commercial purity alumi- 
The addition silicon super 
purity amounts 0.3 per- 
cent and increases the pitting 
whereas significant in- 
crease for commercial purity alu- 
minum. probability pitting 
purity aluminum 2.5 times 
that super purity aluminum 
The iron and/or silicon in- 
creases th. rate pitting super pur- 
ity alumi: but has little effect 
the rate pitting commercial purity 
aluminum 7995 


3.8.3, 
The Passivation Aluminium Im- 


mersed Nitric Acid. (In 
29, No. (1952) 431-437; ibid, 30; 


No. 195, 196 197; 5-11, 45-54, 87-96 
(1953). 

under variety conditions, and Patrie 
shows that means corrosion 
diagram one can establish conditions 
and voltage under 
tion occurs either the 
film. After consideration the thermo- 
dynamics the oxidation aluminum 
aqueous solutions, experiments were 
made establish the changes poten- 
tial aluminum immersed nitric acid 
solutions various values over 
period time. Further studies were 
made the polarization aluminum 
galvanic couple (using graphite) 
and applied potential. These 
showed that oxide films can form 
aluminum only the potential the 
metal greater than that the oxygen 
evolved and even then only very thin 
were formed. When 
couple was made between graphite and 
aluminum immersed concentrated 
acid, the potential was insufficient 
the reaction potential the aluminum 
Was not high enough. the addition 
aluminum, since the potential 
the graphite was raised and_ the 
anodic potential the 
ceeded that the discharged oxygen. 

Studies were then made the vari- 
influencing this process, such 
temperature, time acid: 
oxide ratio and their effect 
the cell potential and rate growth 
the oxide film, well the influ- 
alloying elements the cur- 
produced and the rate film for- 
mation. The alloys containing magne- 
high-purity aluminum. The nature 
been studied electron 

moderately ductile and 
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absorptive. The account concludes with 
some studies the effect the accu- 
mulation chromium and aluminum 
nitrates the performance the bath. 
the addition fresh chromium trioxide 
and nitric acid after periodic checks, the 
efficiency the bath can main- 
tained. Using bath chro- 
mium oxide concentrated nitric acid, 
surface area 25-50 could 
treated. After treating was 
found that chromium oxide had 
been lost and nitric acid. Elec- 
trolytic polishing can also produced 
coupling the aluminum anode 
graphite cathode mixture 800 
phosphoric acid, chromium 
oxide and 200 water 

7944 


6.4.2, 4.6.1, 3.2.2 

Corrosion Aluminium Alloys 
Applied Chem. (London), 
No. 385-409 (1953) Sept. 

Studies carried out the British 
Non-Ferrous Metals Research Associa- 
tion the corrosion aluminum and 
aluminum alloys wide range 
still and slowly moving supply waters 
are reported, with special reference 
the initiation and development nodu- 
lar pitting (i. the formation mounds 
pitting takes place). The effects wa- 
ter composition were more pronounced 
than those alloy composition, the at- 
tack general being more severe 
the harder waters. The requisite combi- 
nation water constituents for the oc- 
currence nodular pitting were found 
calcium bicarbonate, chlorides, 
copper salts and dissolved oxygen and 
when these constituents were present to- 
gether fair quantity very slight 
ficient cause severe attack; syn- 
thetic waters not containing all the four 
constituents mentioned, pitting, when 
did occur, was not the nodular form. 
mechanism for the nodular attack 
7986 


Industries 


8.5 Group 


8.5.3 

Solving Corrosion Problems the 
Paper Industry with Plastics. 
SEYMOUR AND GABRIEL. 
Paper Mill News, 76, 98, 100, 102, 108, 
146 (1953) August 22. 

Discusses coatings, membrane linings 


and chemical resistant 
7890 


8.6 Group 


8.6.1 

Washer for Compact Living. 
No. 114-120 (1954) Feb. 

Discusses small compact clothes 
washer now redesigned for improved ap- 
pearance and lower 
Major design was find cor- 
rosion resistant material for the tub with- 
out use nickel-bearing alloy. Original 


design used Aluminum 
with sealing treatment 
ing anodizing process used. 
Photographs and diagrams.—INCO. 
8044 
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you read this ad... 


Protect your investment with Harco’s job protecting you... protecting your invest- 
ments protecting your profits. Harco job-engineered 
Harco Cathodic Protection System systems provide the necessary testing, drawings, materials 
and installation techniques. Harco installation and con- 
Your corporate records are safely stored cash de- tracting service completed customers specifications, 
Posited under lock and key the burglar alarms are and covers much little the total job 
wired and ready and Property insured. But quired. Materials and supplies available from Harco are 
your protection complete? complete from anodes rectifiers. 
Even you read this advertisement, thief corrosion NOW the time stop thief corrosion! NOW the 
stealing you blind. Every ferrous metal structure you own time 


(buried metal pipe, water storage tanks, etc.) being 


stolen from your profits. Millions dollars are stolen THE HARCO CORPORATION 


annually from the unsuspecting. 16991 Cleveland, Chio 


Write today 
for catalog call 
MOntrose 2-2080 


you read this 


Cor taking its toll! 


Protect your investment with 
a 
Horce Cathodic Protection System 


>’ JOb ss protecting you 
Protecting your peistits 
rovide the nevessar, 


Protecting your invest 
Hareo 
festeng, drawings, materials 
Hares snstatiation and con. 
fo Customers SPectications, 

af the total Job a8 is ro 
lable from Harce are 


are sately stored 


$0000 Breede o, CORPORATION 


stanc 


6176-HC 


— 
CLEVELAND + ALBANY + ATLANTA + CHICAGO + OAVENPORT + DETROIT + HOUSTON + LOS ANGELES + LOUISVILLE + LYNCHBURG 
SEATTLE + ST. LOUIS + TORONTO, CANADA, 


CATHODIC PROTECTION 


MINNEAPOLIS + PHILADELPHIA + SALT LAKE CiTY «+ 


NEW YORK OKLAHOMA CITY + PITTSBURGH 


q 
= 


Unexcelled corrosion resistance 


URIRON Good electrical properties 

CATHODIC undesirable corrosion products 
Easy install 


=5 


for salt water installations 


for ground bed installations 


for fresh water 
installations 


IMPRESSED CURRENT ANODES 
DURIRON ANODE DISTRIBUTORS: 


DURIRON ANODES are Protection Company Electro Corporation 
from stock wide variety Box Sales and Service Division 

Harvey, Louisiana P.O. Box 178 

ard sizes. Write com- Newark New Jersey 


contained free 4411 Navigation Blvd. Harco Corporation 


Houston, Texas Cleveland 28, Ohio 


4601 Stanford St. Box 
Texas Kenilworth, New Jersey 


‘DUR 


FOR DETAILS. Cathodic Protection Service Stuart Steel Protection Corporation 


THE DURIRON COMPANY, INC. 


5 

vision 


where PITT CHEM can 


TANKS 


PIPING 


HAT are you doing stop costly corrosion 
trouble spots like these? Using ordinary paints? 
They probably do, because most industrial 
corrosion has insatiable appetite for thin, con- 
ventional paints. takes thick, tough, heavy 
duty protective coating really halt 
march your plant and equipment investment. 
Pitt Chem Tar Base Coatings fill the bill every 
particular. resistant moisture, alkalis, 
mineral acids and weather that outlast 
dozen applications ordinary paint. Yet they cost 


more per gallon and easy apply. 


Corrosion! 


WASTE DISPOSAL 


Look this way: other material does such 
complete job protection little cost. And we've 
got the facts prove it. you want stop 
corrosion your plant, we'll glad show you 
the most economical and effective way it. 


Write for complete details today. 
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PROCESSING EQUIPMENT 
COAL CHEMICALS AGRICULTURAL CHEMICALS FINE CHEMICALS PROTECTIVE COATINGS PLASTICIZERS ACTIVATED CARBON COKE CEMENT 


